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Letters of Transmittal 


To His Excellency, A. Harry Moore, Governor of the State of New 

Jersey: 

Str—I have the honor to submit herewith the Forty-seventh 
Annual Report of the New Jersey State Agricultural Experiment 
Station, as required by the law establishing the Station, which was 
approved March 10, 1880, and which is chapter 106 of the laws of 


that year. 
James NEILSON, 


President. 


New Brunswick, N. J., July 31, 1926, 


To His Excellency, A. Harry Moore, Governor of the State of New 
Jersey: 


Sir—In compliance with an act of Congress, approved March 2, 
1887, and with an act of the Legislature of this State, approved 
March 5, 1888, I beg leave to submit, on behalf of the Trustees of 
Rutgers College in New Jersey, maintaining Rutgers Scientific 
School, the New Jersey State College, for the benefit of Agriculture 
and Mechanic Arts, the Thirty-ninth Annual Report of the opera- 
tions of the Department of the College which has been organized in 
accordance with said act of Congress, and is known as “The State 
Agricultural College Experiment Station.” 


Joun M. Tuomas, 
President. 


New Brunswick, N. J., July 31, 1926. 
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Treasurer's Report 


Irving E. Quackenboss, in account with the New Jersey State Agricultural 
Experiment Station, July 1, 1925 to June 30, 1926. 


Appropriation for Salaries, Wages and Maintenance 


eC EERIE ay cM he es AOE ia 6 ars cc RE ee ee Veh Sal era oe bcd dad $93,621.00 
Transferred to Appropriation for Replacement of Light Delivery 
ee OS Ce Sirah ail ss chao mn ee eee ae Oe REN ae OF ee 550.00 
Netra. arb rae $93,071.00 
MoecciaisesromnLairynivenpartment ..... cers cts cece poss ae'eenenes 21,699.81 
Collections from Animal Husbandry Department.................. 4 536.63 
Collection of Feed Inspection and Registration Fees.............. 26,235.26 
Collection of Fertilizer Inspection and Registration Fees.......... 20,208.49 
POtal- Woah fiat t $165,751.19 
PAYMENTS 
By Treasurer of the Experiment Station 
Pea TVCOMAII AVY AEG Ae altars Cate cress ace < «be wiale we cs wate eae ats 98,589.00 
Bills submitted to- State Comptroller for direct payment 
PRM CTIOUICAlM Gat Atay piu Ooch watt <n Os ooo e cade ont 3072/1 
RO Te AT. i ee ale Ce ee re te be eee ee Ue 1,653.10 
Bath me A IMMLIGUSEe SUDDUCS tn ce ces ays fe ae pei attest ac end 6 ese 90.85 
qeremer CME LT ETE ANT, C1AS Hoe Caeen bare Boe ese ec Te eed ec oe 2,470.64 
Pereaare Preis iiaandeCartape sn, ) ates ss ve gcse seh bade ee es 1,940.28 
Dee aS MER i re cise aac oui ee. ee 19,170.57 
US IEEE codae chee oneal eae ial Siar MCNEIL Od 868.33 
RPatIMArC me LOOIS.< CLC. oc tcc so te lee tec 5 oe peta line, ing dasa eit oh 1,097.16 
TENE WEL = ce eee aaa’ ie Bae OS oll Sane ae a ne ag ae 25.00 
Me DrAtOCVe ater iGld  MCUINMeNt! ase os wis & ccs ne se hee vee eke. 2,112.45 
Pater ye alide Held oUDTLES | cre tate sic ie he elt eae ee 3,444.34 
REA VY OL mine et rt. cetreete tc tre enees antes ENR NTE 214.42 
USISSC RIL ak Polly een Pott lake opiate ay oe caarbalaies vital aia. ae 1,063.45 
Reimce faneouse Fours andulaye Labor aay on cc osis use saree ex ss 10,334.90 
Br cemunit titre? And LOUIpment «ns sees Wei ice snes eects in cae 1,396.51 
Rene aphic MVOLKOanne SUNNies: cyte, cee alee aus fetes: 418.51 
aa E MMR ee fee eT Gee ote ee oe te era 999.49 
aren Yd LIC TRO LPL TISTIG 1S ei chnole see a dw ao tre «11 ar sue ae 75.50 
enditosacde iterauionsoto ;DUidinges wh sie: ees bakeries 1,816.86 
Peertirsatpreciipimient es 2. 2... a. Ceeens Oct. se PR cits ig 1,387.28 
Repairs to Roads and Development of Campus................ 4,128.68 
Sein ands taliOlery a. se tae eS. 2 eee Gee 1,289.61 
elcomoner ail | GlOULADIN Gs. fc EMT ee ck ee 2 lizade 
POC AMEAT TX DCUSES Wr te: os Pee t,he ee eh 4,800.25 
feterereCens and © y Mes toe een ere te a ae Ee 645.41 
Vehicular Transportation, Supplies, Repairs, etc............... 2,178.86 
Reerinarvescrvices sand 1M eHiciie mem so)... sec ee 856.40 
IL Seetes Pte atte eG ae ro ee ED 166.85 
165,714.53 
Qummrereverting, to. otater dL reasuryinn. ac deel) flv. . toe ene: 36.66 
Totali’cseaersutl cay $165,751.19 


XVii 


XVI1l1 TREASURER’S REPORT 


Appropriation for Printing Bulletins and Circulars 


ADPLOPHIALION (4258 kek UE oie 0 sine in 0 ge Rnd ey ences $16,000.00 
Collections from Department of Publications..... wae tee bene Slane 50.74 
Total veers $16,050074 
PAYMENTS 
Bills submitted to State Comptroller for direct payment 
Bory Printing: Bulletins ‘and: Circulate aia aur: ose ue ae 16,035.47 
Amount ‘reverting to>State Treasury gage eee cots cant ss eee 15.27 


Dotahy 50-4 4 sign oop 


Appropriation for Abolishing Mosquito Breeding Salt Marshes 


Appaopriation © Noes ce eek ale bog cne os oa «Sy arene aI A Nal? ee $18,000.00 
PAYMENTS 
By Treasurer of the Experiment Station 
Salaries and“Wages > <i.c09) «..4... sictaeeee nie hy eee. Oe 8,562.50 
Bills submitted to State Comptroller for direct payment j 
Advertising ° (5.50 stysiscais ss 9b. 3 ss a PnEE ene ote ee 27.84 
Laboratory. and Pield° Bauipment,’.3s.)e. teenk eae ne ee 230.00 
Laboratory and Field: Supplies) «+i ieee cee ee ee 8.80 
Miscellaneous’ Hour and Day \Laboruiiieka 4.6 ee ee 518.90 
Bord, Car (Exchatige) oc s,s c cg tes ea er 290.00 
Office Furniture and: Hanipment:, 2.4: satmescene eee BE OSH 153.63 
Qverland Car (Exchatige)’ .. 3.2.0.2 encse un eur ee ee 490.88 
Photographic Workvand Supplies: 1.52. enycene es sae 7.26 
Brostage oj chee abies s oko rae vie ea oe Se ae 36.35 
Repairs to EBaqmipmentys.. 2: Vs « <0 eee ee - 200.00 
Small Printing’ and Stationery... san ae eee eae cae 21.58 
Telephone and ‘Telegraph... ..\)c Sees eee ee aa ee 887.72 
Fraveling Expenses) at. 5 uss 9. pes re oe 988.40 
Vehicular Transportation, Supplies, Repairs, etc..............- Oa 
13,101.43 
Amount reserved by requisition until next fiscal year 
(For Building Salt’ Marsh Ditch cutting unit)... ....seeeee 4,881.69 
Amount reverting, to Stated reastity... cise waren eee ene Jp eh 16.88 
TL Otal ca cee $18,000.00 
Appropriation for the Investigation of Oyster Propagation 
PROT OPLIATION © <0.c-..yie,ares a4. pisses aukiece, voblede 5 hcp amie, cans ail nee ae ee $5,800.00 
| f PAYMENTS 
By Treasurer of the Experiment Station 
Salaries :and: WASES® sow snd 52a a eee eee vat fanaa 3,560.00 
Bills submitted to State Comptroller for direct payment 
QA IIA hig ache ap ew Aietpsiocal oi ocd Go's accnse-te- sc cpt SMR gd CR ee 38.75 
Electr ievlGurrent and, Gias..0. cu. 2 cna eine ies enn Chace 63.29 
Express,) Preight, and, Cartage, va. -...hsee ee 17.14 
HES TAG AP CE el Panic lo cet a A case ua ovien atecias Pere See ds. Wis Slane eA ee 44.00 
Laboratory “and: Freld sNquipment. <tuuecans cyte eee vie) sal seater 541.84 
Laboratory and) Preld *Supplies s. i)... ace See 319.73 
Miscellaneous Fleurand (Day Labor st. os ca) ee ee 440.50 
Office Furniture and Equipment....... ie ae ae CT 4 ok wee i 27.00. 
Photosraphi¢, Work and: Supplies eile. . oe ee ee 13.20 
F OStARE a. ee eee RP SD as ask ath CE CGIS! Se TEN SI Oc In Lota 100.00 
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Mermeiioner afin a Leleerapiirsc ss. sss scsibe wees Pete ie eae od Poe 55.65 
EOL IIPS ANNONCES... 5 65 5 i+ 5 15's HR RIO WI eels ees wei ear fled 97.73 
WM aC TE CEGT TS OAGS 020 ra75sata fe r0"570'0-0-0je MAME ETD Hols ales Se oleins BGs « 52.60 
| 5,799.44 
Amount reverting to State Treasury........... 6. see eee eee e eens 56 
Bers See neater 5rs bi a $5,800.00 
Appropriation for the Department of Poultry Husbandry 
BEMIS AAT IOLA sas ea WEE Oe xu Adisids Te «meen PES POSED AE EE $24,880.00 
Collections for Sales of Poultry and Eggs and Fees for Testing for 
Maem VY iterm Arrests; yao niaiels Goleta ee aie: 2 9 & bie Asal 6,699.42 
POtal eet 312. ca cer ee $31,579.42 
PAYMENTS 
By Treasurer of the Experiment Station 
alates And yWVareseiiy ors sac c2 US, Pee eee 16,595.00 
Bills submitted to State Comptroller for direct payment 
eee NTN ARM ie Gree utara 7, 5 5 AG WO ey eats ary 341.00 
mectries Current and Gassesii sii eeeaees bees ees ec FLSA 639.85 
Reed’ and - Shavings. st. es ee eee uk bets S Ue view oleh whe eed 4,590.98 
Pea LOE DOSS CLC recs | i: ss Rebels s dhe We ated een Ses 109.45 
ee OS tere es < e Set ee 2 wet ed welds eae 760.00 
Eaboratory and: Field: Equipment....0s RU ee ee 1032375 
MPa IEALOLY BAN LE ICL SUDDILES «date covet ois. wei Pds-as we 4 tibleple.s etkis 617.09 
Ritecellniieous=riour! ant ay” LADOL. ss. ede e sce cede be per sins 1,436.12 
Eocomrapoicevy OFK atid OUND HES in cas oth bs cine eras are Pek sats keke 45.60 
OSL On 8 Pee ae ee oe ed ae eet IOI EGO Ma 675.00 
Se ERICK EE eS Pel olay oe MeL ge Be So's Lice oe hn Balls 1,290.00 
Via rename ecatiots fo BUllditgs 2. cusses cess cee lees 2,143.84 
LMT Ge fee WESIECE AY 0) deanna 81 ' b A” Ae ee 82.68 
EVEL NPE e RICTIOS OME «oer, Psthsdd ey ith abet <l'spoue dara 414740 ade ornllél Rlals kidse beac d > 1,191.74 
31,551.10 
Maur mre vertinion7omotate LEcasiry. , ues. os so vsicncaccens cee ta tna 28.32 
Totdtietee a wee. $31,579.42 
Appropriation for Seed Inspection 
eee etm nee tyme ere Ls eM EE ade OSes < ecvein. opal elect ale % $8,500.00 
PAYMENTS 
By Treasurer of the Experiment Station 
AIA IEGU ATIC VV Apes ey ere se eae ne tae ys Se RII TS es 5,835.00 
Bills submitted to State Comptroller for direct payment 
Pea IEaLOSYy sands Fields ATi pmMlenl txmvene «sic. 60's ys hee acts deel 664.37 
Meee oy ma METIeI SUID PIES ©. po eres fc os ay Sade he orale 198.29 
Miscellaneous, Liour.and’ Day Labofte.+...... +... «+ case? shaes 303.05 
PrnoePaMuCeVVOTE atl? OUD DLLCS sme cick «sn irae br aeatete pies. oc 21.05 
Serr CMeOLLCTIPINCl Et tres «cetera eed tke cho oo cece me ee os 34.72 
SLA SUNT IE © ald npr dated Ung diag Setarteaty 4 (ita Aan a RRR viet La A A le 34.45 
puritan Tents Gatiie SLALIOUCLY -ats eta cas wt sacs cetnebie sa e.6 3 951.39 
Bera Vein Oa DESCS red 6 ace oe ee Lit oes Son ne ee Re 218.78 
Vehicular Transportation, Supplies, Repairs, etc............... 212.86 
ee Pome eee yt me oe ner re tt ara eae 5.00 
8,478.96 
muinguateteverting-to State Lreasury ss Pie eee RL Ss 21.04 


LOtal Weteaatks vetery 5 $8,500.00 
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Appropriation for Experimental Work in Vegetable Production 


ALOPEOPTIALION © os. cs so. Shea 4 wi o's we 0 ee Dea ace bay ee eee $3,000.00 
Gollections ‘for Sales: .of .. Vegetablesigujpewces as so let a oe 25.70 
Gollections: for Salés:of Flowers. <3 semen ccna ee eae ee 4211.36 
Dotal® 05,0 easter $7,237.06 
PAYMENTS 
By Treasurer of the Experiment Station 
Salaries and Wapes oss. cuss sa pause mee oes fs een een * 3,802.50 
Bills submitted to State Comptroller for direct payment 
Books ‘urd Pétioditvals: 24.5 [o.4 sates eee A ee 4.50 
MAD se wis sk Bh ed 0 bow eon nore 8 Wik wack Se DUG eae 650.00 
POCO ROr <sciie a. ncdcc & eis jauaiis Cie BLP ce Ahem te ten ee a a an gn ap el 62.13 
Laboratory and Field Equipment 1.200.511 2 12s ieee ee eee 673.54 
Laboratory ‘and Field Supplies? s.On 700m gn ces oe ee 142.10 
Miscellaneous: Hour. and Day. Lab0tecteenanieteewct ees nee 1,032.20 
Repairs-and Alterations to Buildings. . $22. 2..0 acc cee meek ee 766.93 
Small’ Printing andi Stationery... caatheteeenn 0. ties ae ee 11.00 
Praveling. “EX penSeS-i els socks, 7 oe ees See 37.26 
Seeds:and Plants occ. ccs cir s <p alearere acer eee iaaels Uhre 27.10 
SUNALICS oo Li Sip estes hoc albic oleh ose Soe BRAG Sy a Rates Go caa teeta ee an 6.00 
7,215.20 
Amount reverting to State Treasury... ocasenis eas s Ghee chen) ee 21.80 
LOtal: . eather $7,237.06 
Appropriation for Insecticide Inspection 
APPFOPTIAtiony, ©. .c aw dieaecte axe Se ad Vee Cae oan ee eel eda a $1,000.00 
PAYMENTS 
Bills submitted to State Comptroller for direct payment 
Laboratory Stappliesiassiesdsisiwwo doch te ieee ae ye 705.99 
SUATLONIOL Yom 6 5 Oe ila o lw isin bs ale Ais ee ee ae 65 
Lelephone ' arid Télegrag : ...c4 toe eee aie ces soe Lh i 
Lraveling expenses ois, ibe iar «au sie ae a iene tea 285.08 
992.87 
Amount reverting to State Treasury... sco. sere sta oo ee 7.13 
Total 030). Veena $1,000.00 
Appropriation for Farm Demonstration 
Appropriation: <4... lossy kee. bes see ota see ee ee $85,585.00 
PAYMENTS 
By Treasurer of the Experiment Station 
Salaries anid? Wages’... 2. . Paes es 5 erin 6 eee 81,163.66 
Bills submitted to State Comptroller for direct payment 
Miscellaneous ‘Hotir’ and Day: Labor 2-04 ee 90.00 
Office Furniture and. Equipment: < 00. 7 o.gc8 x. cao 104.98 
POstage asec ore at ee a eee Save 0 5 Me nape ee 166.47 
Printing Bulletins and’ Circulars us. a 2 ee eee 3,420.97 
Stiall Printitie “and “Stationery . 0. ioe oe re oe ee 110.00 
Telephone and Telesraph.. sc. s. SOS cae ge 2.63 
‘raveling Bxpensesie iiss cs lis ec es ss foes Aon eee 519.52 
Vehicular Transportation, Supplies, Repairs, etc............... 6.77 
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Appropriation for Cranberry and Blueberry Investigation 


RETR CE ESOT ENO fei te o's Ca cenk a! Setecp\s- <b 5 «sR ALO O eg ow ole aad $10,000.00 
PAYMENTS 
By Treasurer of the Experiment Station 

Be ETO SU TTICVVAUES re ec o's: ie: « a: dco ba RM ee ere ees «vin ia eines 6,300.00 

Bills submitted to State Comptroller for direct payment 
RP reeeATItPe GO CTLOCIC AIG. et ck oa s+ tt Cee he ve tie ey w sce on 80.80 
Petes se CeO sal CALIARE. .. oe een ee ee p Us pidis se cia ees 15.00 
Maboratoryeand: field iguipment .,... cerita es a levete'aas'ala tie eve 1,248.95 
aporatery and rield otipplies. oie eens ek ca ee he ee 397.30 
Mageelanecuseliour: atid. Day Laborccieaaewey cone occ ts es eee 236.80 
Sihiceeruiiitire and  Cadipment.. <.ocewawee ress: se ets pont bse 163.03 
PgOoTabiiGa VOL sald SUPPLIES .,c see ete eer ee Fee se <8 37.10 
Ie Cee Cee MEO Me Ooo cach Gog ids a os EE MS atc tt ass We ferane vets fe 123.00 
Rentals: Duldame cor: mesearch Laboratory... oss bec vs eee ele 150.00 
Pie ee itiliie sanid s stationery’... eee oer es oes Sls septs shes 19.20 
meennionerandr | Clegrapl .. 4cc 5 salen & veces Ss ¢hn scene es 71215 
Pra VETO R ELS DCNSES 17 ee iia aiase § cin RR red Mir ecte Ste le oie ates 1,148.20 
Vehicular Transportation, Supplies, Repairs, etc............... 77, 
9,992.30 
Pomme te Vvertinos'O iotate LreaSury..< = aves. disecaceas dele. Brea 7.70 
PEGta lacy a, aay nner $10,000.00 

Appropriation for Egg-Laying and Breeding Tests 
DERE TNA LICE Mee oe fiers a ota a: ota, av Soe sears. Graph vce iese Ae sha tia aie ciate = $10,000.00 
PAYMENTS 
By Treasurer of the Experiment Station 

Pr lAries anita WV ARCOM UMAR LE. coy Pl ectcte abet eieehs Ooms hk aii 6,362.50 

Bills submitted to State Comptroller for direct payment 
PCoCeAaitle Olid Villy Geert eet ke fcy ess a MET ee EA 3,387.30 
Reorirevand sAlterations: toubulldingst. ia). eee. Leek 249.25 
9,999.05 
Peru everiing. tO: otateul reasury .. cvwes Cees FOURS. CL RN 95 
Ota linet ence Sree $10,000.00 


Appropriation for Experimental Work in Growing White 
Potatoes, Sweet Potatoes and Tomatoes 


TEC GEt Aamir RT Pe ys EO AK lh eG ace hare Be chb a eke Sahabs $14,600.00 
PAYMENTS 
By Treasurer of the Experiment Station 
Re RIE SETI AVA GCS tears on re eee PROS Sola wc. eR a ea we 9,545.00 
Bills submitted to State Comptroller for direct payment 
Mamoraror vedic tied Mquipment s,m rn anew. .s oss ose oe a 802.11 
Daporarory and iield Sapplies cee tie cies te vas en stew 304.77 
Bieceraneonss tour ang) lay, Laborers sso). 5.5: se. Dee oe 633.15 
EeNotograpaic ’ W OF weand -oupplies.2n 9 esac ty ei) see Pos 91.68 
meleovonesanaus Clevrapis, 7) ok eek Shi So OR” | 464.50 
MeV CLIO MIN CTIRC Sai eee n ot, Moti GO oy he! Uhl et i MRI iN 2,547.38 
ee NO MRT te ct, te, . to Ke oe ak nob) oo Oe 205.54 
14,594.13 
wrmucrreverting to State Treasury: §. 0). wadedead. 00098298 Mabon 5.87 


Totals soca eee oe $14,600.00 
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Appropriation for Legume Inoculation Inspection 


FDDLOPLIAtON © shoe Vad Ska sccm <2 Cee nen eee ree $2,000.00 
PAYMENTS 
By Treasurer of the Experiment Station 
Salaries and: Wages. Vis... . «ssa creer ey eee aie 1,365.00 
Bills submitted to State Comptroller for direct payment 
Laboratory and) ield” Equipment), ccgmauce sauces acee aa 188.34 
Jeaboratory ‘and: Field« Supplies): Smaveraumees ins cea ee 34.78 
begume Samples io biG. 0 os'ece « «legen een ar te ee 45.85 
BOSta Re 2 ieee bikaie iw sb ele cd bo Gee ee ee 160.00 
Repairs to. EL-Quipmentt i jis\ey css. 2s a nO ea ee 90.79 
Traveling Expetses.2. 0.0 asses serueeaint ae tine ocr 95.03 
Vehicular Transportation, Supplies, Repairs, etc............:.. 15.05 
1,994.84 
Amount reverting to. State Treasury :: via. sas sons «see 5.16 
Totaly ee ieee $2,000.00 — 


Appropriation for Poultry Exhibitions and Premiums 


PRDOROPTIALION -\5,. «5 die lere a 0ra.0- bie 4 0) ere NLBUN or wie MCR aoe ee $6,500.00 
PAYMENTS 
Bills submitted to State Comptroller for direct payment 

Exhibition: Equipment*and Supplies! 72h siestiee. ces eee 1,219.58 

Premiums Awarded and Allotments to Poultry Associations for 
Educational ‘Meetings and: Exhibites) ine eet ee ee 4,182.54 
$5,402.12 
Amount reverting to State Treasury... ..2asheiseiee aeosd ae 1,097.88 
Total uivtas oh eee $6,500.00 


PUPOEOPELTACION | bc. .scihie's os Va,8 eaven va. oc eR eT cae nCy eae ne $5,800.00 
PAYMENTS 
By Treasurer of the Experiment Station 
Balaries and Wages iio ase. o/ee vei wae ee tiene oo Oke eee 5,500.00 
Bills submitted to State Comptroller for direct payment 
POSER BE, © Go b:dlteyy' nici oigtate.te h iwid 's bpatee face! abel eee ee Oe 155.00 
Telephone and: Telegraph ¢ 2.0.4... 0S. oo eee ee 60.82 
Sraveling Hxpenges.oriig csns. ss vss CR Oe bea ECU RS a eee 78.98 
5,794.80 
Amount -revertingto: State Treasury 0 ode ee eee 5.20 


PP OPA ee cent thre eee $5,800.00 
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Appropriation for Milk and Cream Inspection 


PMR Ay AE Eo Ka eign tii tig A lin hy a co ote nae Rn A $3,000.00 
Collections for Testing Glassware and Testers’ Licenses Issued.... 491.02 
DATEL |S gem ge ager $3,491.02 
PAYMENTS 
By Treasurer of the Experiment Station 

Pa amiCes ATIC VV AVES WeNiat ce fie co c:. o's oe ML EMR ee SNS win sns 2,040.00 

Bills submitted to State Comptroller for direct payment 
PE AVRUNOMEATENSORE a cf, cle rete siel Sah ARMM EY < Bice aueideil do loie 1,450.58 
3,490.58 
PIMEeTEVeEIINGE TOD. tate | LYTeASLULy -\. cence ataseiicis «+5 <s.ce< a 44 
No So ae ee ee $3,491.02 


Appropriation for the Investigation of Root Rot of Peas 


SCS UTR TIME eee Ms ee NO cant hk! auc bbe den un Dye (ois aTs oqo isbeetony eur nw $3,500.00 
PAYMENTS 
By Treasurer of the Experiment Station 

eae ec TAT VV CS 8 ocho ch VE RAMI: Sa Nina die siete & Babe blak 2,820.00 

Bills submitted to State Comptroller for direct payment 
Ranfaror ver adn Pagid wd uipment ae anaes siecle fele i te. bie i A 380.00 
sre ae ee ae, et eae cil slh a cls CO Mikes 2. She 70.00 
Me EU TOTEMM re tien ait. Gir ge etarsh oe ciated Os ROSE Me cai eole kale sew wel BLS 
MrerVelI ee MUCTISCS foes eich ain cc) te tie SiGe ee eiiih iw a's ble 211.88 
CAGE on SRR et Ta aoe partes I, ae oe bee Sek ars © er a L110 
3,493.13 
Pomereverring touotate | FEASULY > aces ewes a0 ¢ tis ante Wedded ele gies 6.87 
i OtalWee pee are $3,500.00 


Appropriation for the Investigation of Bee Husbandry 


PRATT SEN iT old ety v5.2 aR tee at $3,000.00 
PAYMENTS 
By Treasurer of the Experiment Station 
Ate POMC EVV DCSE ie oo ossicles Sa Mees Sie 4 wd vo ada ieeaad wlece thats 2,390.00 
Bills submitted to State Comptroller for direct payment 
LeaADOPatoLy cand Dield Sratipiment Memes. Miualees fava heels tae coke 26.00 
ADGOr a ORV LADGe lel OUD PICS Wotan sr ae ties «ce csc Reems CTE 32.00 
Rentalvot pang sore plary Site Muse soe ei yy ieee eed ses e 32.00 
ii alenetittin oat) StAliONery ... «Pee cho sly NM sha ae 48.00 
Dita VPUNG BEL XDENSOS Eee tnbi see ce CNN ok oes as 6 = v « RYT Takk 471.64 
2,999.64 
PAMPER TEVCETING: (Staten ELCASULY «oi dun CR ie a A a obits Oe RR eae 36 


LOtal } pats cee sete $3,000.00 
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Appropriation for Experimental Work in Vegetable 
Production in North Jersey 


“Appropriation: (vive. cis saae ss sia eee aeele Wr clnve aban aie eninee ote $2,500.00 
PAYMENTS 
By Treasurer of the Experiment Station . 

Salaries and’ Wages 0. 2... a ean tahoe calc aie pee ee 920.00 

Bills submitted to State Comptroller for direct payment 
Laboratory and Fueld “Equipment 027.7... oe ee 1,055.70 
Laboratory’ and Bield Supplies: 22a ce eee ee ne 253.09 
POSta gE soo ela se cs Se hia ee CRI Rn Ree ene Ren hatte et ee 125.00 
Small” Printing’ and Stationery: 2icgecesee ee tee es oe 12.50 
Traveling Expenses...) 2... serene eee ete ee 105.86 
Seed” o  dincs HERR PEG a acid OR ee EG i ee 20.40 
2,492.55 
Amount reverting to State [reasury “2. serene eb. a ee 7.4 
Total’. Sic2 tec $2,500.00 


Appropriation for Combating the Oriental Peach Moth 


Appropriation S050 swe eae see bs eo a ee te ois ee ee $7,000.00 
PAYMENTS 
By Treasurer of the Experiment Station 

Salaries and Wagés°s...<: Jie. 20%, Lente 4,710.00 

Bills submitted to State Comptroller for direct payment 
Bord Car (Exchange): ss.i8 it. 555 0ean eee eee ee sue er 290.00 
Laboratory and. Field «Equipment: .oicnecneinese ie dae ee 189.92 
Laboratory and. Field. Supplies. is4 1:45 2a00s 2 <8 oe 425.58 
Miscellaneous ‘Hour and ‘Day Labor. (lyassiss4 980003. cee 209.30 
Photographic Work: and~ Supplies: atime. isk xis os ce 19.35 
Small. Printiig ‘and ‘Stationery... :.ss.sraes ssl t oe soe eee 295.53 
Traveling Expenses: i: is dees ans sae alee ae tale en 498.87 
Vehicular Transportation, Supplies, Repairs, etc..............+ 347.84 
6,986.39 
Amount-reverting to. State, Préasury ..<0.daneteng «ss bss). ee 13.61 
Total - .seisateeesin $7,000.00 


Appropriation for Experimental Work with Small Fruits 


APOLOPCIAbiOn 5.0 ga! sv cere oat AES dik ei aes Sea ee eng eee $2,500.00 
PAYMENTS 
By Treasurer of the Experiment Station 
Salaries and Wages’, ..< sco cuiete.«: + Seine cee ene ee 2,425.00 
Bills submitted to State Comptroller for direct payment 
Miscellaneous, Hour: and, .Day* Labor... 2 e244 ki ee ee 46.20 
Traveling Expenses ...... ynlglee és ta cE BIGIN ee othe ates ee ee 24.20 
2,495.40 
Amount revertingsto) State reasury. ..../¢. @aelead Seen eee 4.60 


WOtabiy. cis sca verteameees $2,500.00 
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Appropriation for Exchange of Three Ford Cars 


PL EARS OTM cc. sake wih <. cher oy’, acta .c.00,o, a 4 MORON 2 018 Be cd ae $1,350.00 
PAYMENTS 
Bills submitted to State Comptroller for direct payment 
PeeOraN ve (te Drees Fh Ord. Gals... >... iiudi.s Bnd cei 4 nace 1,349.61 
PenOeneerevcringwato. otate, .rGasury. .... codeew soe aes oe cents ace vse 39 
Bria leer itece ose $1,350.00 


Appropriation for Replacement of Light Delivery Truck 


eC Tt COLI RA EG hee we Se dws a ape eee ne BORG tlt s Divine cepts $1,000.00 
Transferred from Salaries, Wages and Maintenance Appropriation. . 550.00 
ata lcaw.t. 2xtG, saa 8 $1,550.00 
: PAYMENTS 

Bills submitted to State Comptroller for direct payment 
Remacementcor Light Delivery \ [ruckiescccccent. os on oe sett 51130 
manuitite revertilic. to totale “lTeasutys Peas ee ke esis ck ba eet 38.70 
FOU. ei i POU $1,550.00 


Appropriation for Books and Bindings 
EME TVN TS SC ICLIMM Metre heed Ny ee eee te ie ie see are ste ale eats a 408s 4 ake $1,500.00 


PAYMENTS 
Bills submitted to State Comptroller for direct payment 
“iro Gry gemae bW a$ 7a Ua FT aT a eae AR 3) nes a eR Oat ie aR: 1 1,499.25 
EMMMIUELeV CT LING TOP State LICASULY. 6. cde oe Cinco aia ci opil ete lene hin aleve, aye Wie 
AOta Bee, Bese tec to war ae $1,500.00 


Appropriation for Repairs to New Jersey Hall Roof 


DOE CTatlOt nL ks poles pnw Rule. LExict rs tite TECK LAR ks $600.00 
PAYMENTS 
Bills submitted to State Comptroller for direct payment 
epairs.te Root...» ¢ Ossett Me ee fs Nee Pee ace wtie ee 597.94 
Petite revertinesto4 tates Preasyt Vy. saan sees ie oie Vue eee tel. 2.06 
Potala er eee ae $600.00 


Supplemental Appropriation for Repairs to Buildings and 
Fences at the Egg-Laying Contests in Bergen and 
Cumberland Counties 


Supplemental ual ppropriattons :7e.'/ vt tee Rien totes thc dos elpaitide eels Bons $6,000.00 
PAYMENTS 
Bills submitted to State Comptroller for direct payment 
RVG ead Aner SRR in is SE pet Sk Se a a a me cs See 5,991.68 


PIMC EEC VEL LING. 10, State WL TCASTITY +s viv uioh ics e ea EE Louis dal SOR Uw eet 8.32 
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SUMMARY 


Total. Appropriations .......%%. sen Ralnlararelate to's 3 hin ee $337,236.00 
Total Collections Credited to Appropriations.........+..++eeeeeees 84,158.43 


Total: wijvesds teepeenaoeeuee 


AAVertisie isc wate ce te ne eae 1 WEIS Wile basso oe.e°> = Vr $27.84 
Books and Periodicals”: | 8 Sie a8 eee ee ae ties oles oe ene 1,892.26 
CAIN hhc) a eS aR i ie ees Oe 2,682.85 
Electric Currenti‘amd Gadi i 20s ee ES ee ee 3,173.78 
Exhibit Equipment and Supplies... 2... ..00 cee e dee len ene e eens 1,219.58 
express, Freight and. Gartages... ....:.@yeee. ain oes essen oa 1,972.42 
Feed and Shavities.), 26050... ee... eee Bie ae ee te ene ae 27,148.85 
Pertilizer os eigccd fds k seats lp sale a 0 PR code etgea g 930.46 
Ford Cars Exchanwged }(5)icesn ofs:i:20)s sabe eee seit os aise 1,929.61 
Hatdware, Tools, ete ci ice chests os «aS Ree e Sette iMG hice fey ae 1,206.61 
THSUTATICE fs. aw cn'x'c celle caer e pis «0s SE a a Vet 69.00 
Laboratory and Field. Equipment .....sgeceus «ps eoe sea e oe 9,145.97 
Laboratory and’ Field Stupplies” . 2. wins ways poms eee 7,020.56 
Leauridry: “Worle ice 2.5 ria he oa sled eee eg 214.42 
Etve Stocke: oo. cc goss wich am oa ok cb CR a wee tec 3,113.45 
Miscellaneous Hour.and.:Day, Juabor oat sek gees ern ee 15,281.12 
Office) Furniture and Equipment. : vii ie cas eerie eee oe. eS 
Overland. Car xchangeds. ... 15.0.0 eo Mie ee ee 490.88 
Photorraphic Work and Supplies: 22ua,c5ee om nae oe oe 653.75 
Postage wirh ot sractt ace e Wie Seals © 0/8 loca 8 wave le ine i aera ae eae ne 2,610.31 
Premiums Awarded and Allotments to Poultry Associations........ 4,182.54 
Printing, Bulletinsand Circulars)... s.0 a8 eck eee ee 19,456.44 
Revistration- of Animals: 2.) dacs 0s Fee oe eee eee 75.50 
Rental of Building for Cranberry Research Laboratory............ 150.00 
Rental-ot, Land. for-Apiary “Site: ..... 6:05 90.53 0ias weaee see 32.00 
Repairs ard Alterations: to. Buildings... .24/s.s050$en5 es oe ee 11,566.50 
Repairs to. Equipment (iy ns's5s sshie5iias,« ayes ees ag ane 2,276.08 
Repairs to Roads and Development of Campus................0+- 4,128.68 
Replacement. of Light: Delivery; Truck > (Red) ys vide iy (cin oe ee 1,511.30 
Salaries .and:.Wageés ... (yee dani: oo eae ale 262,485.16 
Small: Printing) and ‘Stationery «. -caaetaeh vcs ore 2,759.46 
SUMATIES 6. ous su vine <a cisbeuensts abe hans Sapir ie nae oh a ano 177.85 
eelephone and Telegraph... Gs..0/ 0063s eee i ee 3,715.89 
‘Braveling Expenses |... 0:2. :n¢sbee 5s pos eee ee ee 14,771.38 
drees, Seeds and: Vines. 0 ou evan sewateg eraen en ee ee 944.00 
Vehicular Transportation, Supplies, Repairs, etc...............6.. 3,440.72 
Vetermary Services and= Mediciné.<%>;.1se cds ba Sa ee 856.40 
415,158.77 

Amount reserved by requisition until next fiscal year 
(Por Building Salt Marsh siditch eutting=utlit}y <2... nee 4,881.69 
Amount reverting’ to State Treasury...) ..eise.+> sae eee bSao00F 


Totaleese.) herr $421,394.43 
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Collections Account 


RECEIPTS 
From Dairy Department 
Collections for Sales of Milk, Cream and Dairy Stock........ $21,699.81 
From Animal Husbandry Department 
PROMS ST OT SACS OL WINE ccs sss on eRe tee bes vee oe ee ee 4,536.63 


From Chemistry Department 


Collections of Fertilizer Inspection and Registration Fees...... 20,208.49 
From Chemistry Department 
Collection of Feed Inspection and Registration Fees........... 26,235.26 
From Department of Publications 
oliection ior Sales of Bulletins and Circulars. :... 2.2.4 2. Je. 50.74 
From Poultry Department 
Collections for Sales of Poultry and Eggs and Fees for Testing 
Pomme aculatwa\y Mites Jota t hea .\siaee sa twinie wk ae 44 aed o/s 6,699.42 
From Floriculture Department 
OUIECCIONS HORM SalCS TOL LO WELS: . sc eatneten en's vist sc oe ds.0 8's 4,211.36 
From Vegetable Gardening Department 
Collections for Sales of Vegetables R20 Lg Ee Soe CAPM 25.70 
From Dairy Department 
Collections for Testing Glassware and Testers’ Licenses Issued 491.02 
From National Bank of New Jersey 
Dieta EE CesT EON LICDOSILS tier 4 4 we RMAs tony hers he na winds veleie G 132.53 
$84,290.96 
PAYMENTS 
To State Treasurer 
Collections for Sales of Milk, Cream and Dairy Stock........ $21,699.81 
To State Treasurer 
Oiemanse Gt OAles (Of “SWINE, . <e5 0s «dks Aliso «cn iae Natalee ais 4,536.63 
To State Treasurer 
Collections of Fertilizer Inspection and Registration Fees....... 20,208.49 
To State Treasurer 
Collections of Feed Inspection and Registration Fees.......... 2OU.Za 20 


To State Treasurer 


Collections for Sales of Bulletins and Circulars............... 50.74 
To State Treasurer 


Collections for Sales of Poultry and Eggs and Fees for Testing 


ROLMSACHIAL Cee VVC ATCC tase nine ahd s ancale aide sales sess 6,699.42 
To State Treasurer 
LSMIPCTIOME ALOE MOA OSM) T MELO WELS 2% GS ce so stilbene cctahk had eo dinaveb % 4,211.36 


To State Treasurer 


collections sion odes of. Veretablesmen, A060. te dice ede edn 25.70 
To State Treasurer 


Collections for Testing Glassware and Testers’ Licenses Issued 491.02 
To State Treasurer 


POGminiretes! Polen eDOUSIP Sica... si. eeteiae dam we des oxo de ie dvi oeea ls 132.53 


$84,290.96 
The Auditing Committee of the Experiment Station has examined the 
accounts of the Treasurer of said Station, and has found them correct. 


(Signed) EGBERT T. BUSH, 
THOMAS AC. ROE, 
Auditing Committee. 


Financial Statement 


AGRICULTURAL COLLEGE STATION 


EXPENDITURES BY ABSTRACTS CHARGEABLE AGAINST HATCH, ADAMS, AND PURNELL 


FUNDS FOR THE YEAR ENDED JUNE 30, 1926 


Abstracts Hatch Adams Purnell 
SOLS a ce ee ee $10,716.01 $12,457.50 $12,887.50 
Lope? Gb oe ern eee ae Se 829.00 332.16 655.50 
Stationery and Office Supplies......... 180.84 Jo207) 109.55 
BRET SUI PIES vere ees oo s0 eine oom 9 626.34 959.30 653.24 
Pee Me LUTE Se Be a cel. ta en aren on ee hin es 360.00 id 30.47 
SUCEEEY MOTIDUIES Foto eae hk a's oes eo a's 274.87 120.32 200.72 
Pieritirereemr ree: ara th oe da eo hobs 15.39 ee NP 
Cem niuncation. + SETVICEd as5 ae ons sie 136.60 ~ 1.63 
Re aa et x DENSCS Doe 1 cs. ke-s fy sido. fps 58 1,453.49 ees 1,324.40 
Meansportatiomot Cnings: 2. ....'.,.- + 2% 26.36 3.28 27.96 
Heat; Lieht, Water, and Power........ 70.75 736.76 92.16. 
Mipiitinereatics HIxtures” yo .2.. esc an ee 32.70 66.60 617.76 
Wey e Ca | 30 Ne ie oe ce ee 9.60 eta 8.50 
Scientific Equipment ....... Boles cc ves 81.40 163.75 1,537.85 
Me BEES VE a ak eke oes nat ois wlio Tee cl rae 112.00 
Tools, Machinery, and Appliances..... 121.54 7.58 1,212.90 
Eric eemanG Land cette es ee ee ae 3: 5 58.22 81.02 493.89 
SONI entELL A penses) 221. le Gk. Sa. 6.89 38.16 33.97 
$15,000.00 $15,000.00 $20,000.00 
HENRY P. SCHNEEWEISS, 
Treasurer. 
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Report of the Director 


Jacosp G. LipMAN 


In its beginning, the second quarter of the present century finds 
agricultural specialization more marked than ever. ‘This tendency 
is readily accounted for by geographical factors, the character of 
the consumers, the competition of the industries for labor, and the 
items of taxation and production costs. 

Specialization is most apparent in the fields of poultry and dairy 
husbandry and in horticulture. The number of commercial poultry 
plants is increasing rapidly. ‘The trend in this field of farming is 
toward specialization in breeding and hatching. Poultry stock of 
excellent quality is being developed with judgment and intelligence 
far in advance of the conditions which prevailed a decade ago. Com- 
mercial hatcheries are increasing their cutput and are adding to the 
quality of their product from year to year. In dairying, as in the 
poultry industry, specialization is producing tangible results. Aside 
from the notable improvement in the quality of dairy stock, there 
is more differentiation as between one grade of milk and another. 
The chemical composition and the bacterial content of milk are more 
intelligently considered, both by the producers and consumers. In 
consequence, our city milk markets are establishing milk prices in 
keeping with the quality of the different grades of milk. 

The same trend is evident in the production of tree fruits, small 
fruits, and vegetables. ‘The consuming public is becoming more 
discriminating as to appearance and edible quality of horticultural 
products. The producers: must adjust themselves to market needs by 
more careful growing, grading, and packing. The growth of the 
suburban element in the state’s population is reflected in the expansion 
of ornamental plantings, both public and private. A number oi 
communities in the state are developing comprehensive policies as 
to parks and playgrounds. Individual householders are showing 
a greater appreciation of the aesthetic side of suburban life. The 
increasing number of public parks and playgrounds is being accom- 
panied by a keener study of grasses, shrubs, and shade trees. 

The trends and tendencies just noted bear a direct relation tc 
the activities of the Experiment Station. New research problems 
are constantly being presented to the departments of the station. 
Because of the specialization in agricultural production and the 
greater degree of discrimination being shown by the residents ot 
the state both in the purchase of agricultural commodities and in the 
development and improvement of the countryside, not only are there 
new and numerous problems presented to the members of the research 
staff, hut there is also a more insistent demand for various educational 
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activities grouped under the head of agricultural extension. The 
demand for information and instruction comes with particular in- 
sistence from the younger farmers and gardeners and from members 
of garden clubs and others interested in ornamental horticulture. 


It may also be noted that, whereas the earlier types of research 
carried on by the Experiment Station were intended primarily to 
solve the problem of the agricultural producers, some of the research 
projects taken up more recently by the station are of primary con- 
cern to the consumer and to the non-agricultural portion of our 
communities. Reference may be made in this connection to investiga- 
tions in the fields of human nutrition and of sanitation. ‘The well- 
known work of the Experiment Station in developing effective 
methods of mosquito and fly control, in studies on biological methods 
of sewage disposal, and in vitamin studies as related to soils and soil 
treatment on the one hand and the growth of animals on the other, 
are all examples of research which deal in a large way with the well- 
being of our population, both urban and suburban. 


It is gratifying to note that the resources for carrying on the 
several activities of the Experiment Station have become more ade- 
quate. ‘The land holdings of the College of Agriculture have been 
augmented by the purchase of Gebhardt Farm No. 1, adjoining the 
property of the institution and comprising somewhat less than 90 
acres of land. ‘This area is suitable fer the production of alfalfa, 
corn, and other crops. ‘Thanks to the intimate cooperation which 
exists between the College of Agriculture and the Experiment Station, 
the latter is in a position to utilize the recently acquired land for the 
development of the service of the animal husbandry, dairy husbandry, 
and agronomy departments. Some additions may be noted to the 
laboratory facilities of the station. A portion of the space in the 
attic of the Dairy and Animal Husbandry Building has been placed 
at the disposal of the department of agricultural biochemistry. A 
slight increase in laboratory space was made possible in the Agri- 
cultural Administration Building through alterations in that building. 
Better utilization of space may also de noted in the branch library 
and in the greenhouses. 


Certain of the building and laboratory needs are quite pronounced. 
It is essential that adequate space and equipment be made available 
for the department of sewage research, and it is hoped that funds 
may be appropriated in the near future for the equipping of satis- 
factory laboratories for this department. Space for the purpose 
could be found in the Short Course Building at the College Farm. 
It is also important that the attic of the Dairy and Animal Husbandry 
Building be finished and nutrition laboratories installed. There is 
likewise need for better laboratory facilities in the departments of 
entomology, plant pathology, plant physiology and soil science. It 
is recommended that as soon as may be expedient, funds be appropri- 
ated for the construction of a Rural Engineering Building, the 
completion of the Horticultural Building and the erection of a sep- 


arate building for the department of soil science. 
> 
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Increasing numbers of students from other states and from 
foreign countries are asking that they be granted the privilege of 
working in the station laboratories in order that they may become 
familiar with the methods employed and the problems under 
investigation. 


The members of the research staff, while showing a loyal interest 
in the work assigned to them, cannot always ignore more tempting 
offers from sister institutions and from commercial establishments 
where technical training and experience of a particular type are 
desired. Consideration should also be given in this connection to the 
tendency of living costs to increase rather than to decrease. Since 
it is obviously to the advantage of the institution to employ only 
such persons as have both ability and a sound training, every effort 
should be made to maintain high salary standards. 


The Experiment Station as an institution should concern itself 
in a larger way with the conservation and development policies of 
the state. It should be in a position to contribute to a well-defined 
plan dealing with the conservation and development of the physical 
resources of New Jersey. Its contributions might deal particularly 
with land utilization, reclamation, and improvement. Some of the 
land now used for agricultural purposes must sooner or later be set 
aside for use as building sites, driveways, and streets. Another 
portion of agricultural land must be dedicated for use as public 
parks, game preserves, and playgrounds. It is evident that much 
foresight is needed for guiding wisely our efforts of land utilization. 
A study should be made of population trends and, insofar as possible, 
the needs of our towns and cities anticipated. ‘Transportation, water 
supplies, sewage disposal, land values, taxation, and other important 
factors are involved and should be dealt with in a broad-gauge way. 
In other words, the service which the Experiment Station is rendering 
should be so planned as to fit best into a comprehensive scheme of 
state development. The other departments and institutions of the 
state will no doubt cooperate in the future, as they-have in the past, 
in the common effort to promote the well-being of the residents of 
New Jersey. 

The present annual report of the station, like its predecessors, 
contains a record of various activities. Some of these are briefly 
dealt with in the summaries of the department reports. 


AGRICULTURAL BIOCHEMISTRY 


The department of agricultural biochemistry was organized within 
the past year in order to provide for systematic research in the field 
of human nutrition. An animal laboratory, a chemical laboratory, 
experimental animals, and the necessary apparatus and equipment 
have been provided. Research of a fundamental nature was begun 
to determine the influence of the conditions of growth, particularly 
soil composition and treatment, on the nutritive value of various 
food crops, with special reference to the vitamin and ash content. 
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An attempt will be made to correlate the data concerning the vitamin 
content of food plants with the soil composition, with the thought 
of adding something to our knowledge of vitamins. At the present 
time, the vitamin B content of two varieties of wheat is being studied. 
The nutrition studies in the departments of animal husbandry, dairy 
husbandry, and poultry husbandry are being rounded out through 
the cooperation of this department. 


AGRICULTURAL ECONOMICS 


The organization of research for the development of a sound and 
active agricultural program has constituted one of the major projects 
of the department of agricultural economics. Commodity and subject 
matter committees in which the heads of the departments of the 
institution serve as chairmen have been organized. ‘Their members 
include representatives from the statts of the Experiment Station, 
Extension Division of the Agricultural College, and of the State 
Department of Agriculture. The statistician to all committees is 
H. B. Weiss of the state department and the secretary to all com- 
mittees is Allen G. Waller. These committees have outlined the in- 
formation necessary for the preparation of a sound agricultural 
program and are all assisting in assembling this information, of 
which much has been already procured. 

The Department has taken over 400 farm management records 
in areas that had been surveyed in earlier years (1914-1917). ‘The 
types of farming and the records taken are as follows: 


Farms 

Poultry records ic cs 5. oe tee Ree eee en. Se 120 
Gloucester: County track - fecords:.t- case a eee 50 
Cumberland and Salem Counties dairy records......... AQ) 
Burlington” Confity, dairy ‘records... msm etes | bo eee 48 
Mercer’ 'County ‘general ‘records aic40 ere poe eae 29 
Sussex County, dairy records isd. (heehee eter, cae 31 
Monmouth. (County epotatasrecords tetas ee a ee 48 
Monmouth County dairy, truck and general records.... 35 
Miscellanectig: 2h oi os 2k a a nti ae oe eee % 
Totals: cise hi po as pene oil ee dee: saan 404 


The changes in farm business on the same farms are being. 
analyzed. 


The average farm income of 48 potato farms in Central New 
Jersey for 1914 was $2793 ; on the same farms in 1924, it was $1521. 
In 1924, only 12 of these farms were growing any truck crops for 
sale, whereas in 1924, 25 of them were selling truck crops, with 
1 farm having as high as 63 per cent of its acreage in truck crops. 
The details are given in the complete report of the department. 
They were reported in part, in the April, 1926, issue of the New 
Jersey Agriculture. 


A survey of the farm business on 120 poultry farms showed 
an average net farm income of $2057 and a labor income of $1333. 
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Nine years ago a similar survey on 150 poultry farms showed an 
average net farm income of $1092 and an average investment of 
$7243 with a labor income of $730. Compared with the poultry 
year of 1915-1916 the average amount of capital necessary on 
poultry farms has doubled and the farm income and labor income 
have not quite doubled but nearly so. Apparently the poultry farms 
of New Jersey have fully held their own with other types of 
farming. They are carrying about one-third more birds, and in 
the current year, 18 per cent more than in the preceding year. 


A study has been made of the possibilities of artificially curing 
alfalfa and forage. At the present time a plant for this operation 
is being constructed at the Walker-Gordon Farm. Arrangements 
are being made to investigate this undertaking from the economic 
and the nutrition standpoints. Consideration has also been given 
to the practicability of raising calves in New Jersey for replace- 
ments in our dairy herds, as an alternative to purchasing large 
numbers of animals from other states. 


A survey of the farmer owned milk distributing plants of 
Massachusetts was made by Henry Keller, Jr., of this department. 
He was accompanied by county agents Douglass, Thompson, and 
Evans; dairy specialist E. J. Perry; and Paul B. Bennetch, of the 
State Department of Agriculture. The Monthly Economic Review 
of New Jersey Agriculture was issued on the fifteenth of each 
month. It has been the subject of many favorable comments. 


The investigations of the coming year will deal largely with 
the agricultural program project. This will include some research 
on marketing, the field work for securing farm management records, 
and the assembling of the material already gathered. 


AGRICULTURAL ENGINEERING 


The following investigational work is under way in this depart- 
ment: 

Vegetable Irrigation Survey.—By the survey method, data were 
collected on the production of vegetable crops under sprinkling 
irrigation. ‘The factors of type and variety of crops, acreage grown, 
power used, pressure maintained, types of pumps, types of motors, 
and sources of water, as well as other factors were included in the 
scope of the survey. 


Commuttee on Fertilizer Application—A joint committee com- 
posed of representatives of the American Society of Agronomy, 
the National Fertilizer Association, the National Association of 
Farm Equipment Manufacturers, and the American Society of 
Agricultural Engineers has been asked to make a study of fertilizer 
distributing machinery. The head of the agricultural engineering 
department of the Station is serving as chairman of the American 
Society of Agricultural Engineers’ subcommittee. It is proposed 
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that the entire committee inquire into ways and means of improving 
on the types of machinery now in use and on the methods employed 
in applying fertilizers. 

Use of Electricity in Agriculture—TVhe Agricultural Engineer 
has made an inquiry into the feasibility of conducting research work 
on the uses of electricity in agriculture. An effort is being made, 
with the aid of Dr. E. A. White, director of the committee on the 
Relation of Electricity to Agriculture, to initiate suitable investi- 
gations with the cooperation of power companies and manufacturers 
of electrical equipment. A survey of the present uses of electricity 
in New Jersey agriculture is now being carried on with the coopera- 
tion of H. B. Weiss, of the State Department of Agriculture. The 
American Society of Agricultural Engineers has appointed a com- 
mittee, with D. B. Lucas, of this department as chairman, for pro- 
moting the study of the duty of cultivating machinery. 

Campus Development.—The department has contributed in an 
engineering way, toward the following undertakings on the campus: 
Grades for the lawn at the Baldwin street entrance; levels, lines, and 
locations for walks, curbs, gutters, and drains for parts of the 
main drive; grades, plan, and location of walk at the Extension 
Building; grades for the parking area at the Administration Build- 
ing; location of drive at the rear of the Poultry Building; levels 
for service roads at the campus and farm; complete set of plans 
for a calf barn for the dairy department; levels in the vicinity of 
the Dairy Barn; drainage survey of pasture for the dairy and 
animal husbandry departmenfs; drainage survey on the farm; and 
design and advice on construction of septic tanks for the farm. 


THE EXTENSION SERVICE 


Reorganization Cuts Overhead Cost.——The reduction in the 
administrative staff of the Extension Service to a director and two 
assistant directors has effected a saving of $15,000 a year in the 
cost of administration and supervision. One assistant director super- 
vises all agricultural work with both adults and juniors, and the 
other supervises all home economics work with both adults and 
juniors. Girls’ club work is now carried on by county home demon- 
stration agents, thus requiring less supervision from the State Ex- 
tension Office and releasing men county club agents for full time 
with boys’ clubs. 


Closer Coordination of Extension Activities Closer coordina- 
tion of extension work in its several branches has resulted in corre- 
spondingly more efficient service to the agricultural interests of the 
state. 

Plans of Extension Work Improved.—Progress has been made 
during the past year in planning the work of the extension staff 
on a more definite and constructive basis. Attention has thus been 
directed to the most fundamental problems, enabling the staff to 
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do more work and reach more people, and resulting in more specific 
and greater accomplishment in building the foundation on which 
the future prosperity of agriculture must rest. 

‘Cooperative Relations Cooperation with county boards of 
agriculture and with the United States Department of Agriculture 
has continued harmonious. The director and assistant directors 
have attended as many of the meetings of the county boards of 
agriculture as possible. The success of extension work is in a 
large measure due to the cooperation of the county extension com- 
mittees with the members of the extension staff in planning the 
county extension activities. 

Farmers and Homemakers Believe in Extension Work.—A 
‘survey to find out what farmers think of extension work was con- 
ducted in 1925. There were visited 621 farms. Sixty-nine per 
cent of the farmers believe in extension work, and 64 per cent have 
changed their farm practices as a result of extension work. Only 
3 per cent were opposed to the Extension Service.. According to 
the survey, 64 per cent of the homemakers are favorable to home 
economics extension work, and 41 per cent of the village homes 
and 15 per cent of the farm homes have adopted improved prac- 
tices in homemaking as a result of extension teaching. 

Home Economics Extension Work.—There are 1298 local 
women who cooperate with the county home demonstration agents 
and home economics. The Legislature of 1925 made an appropria- 
teaching in their respective communities. The local leaders devoted 
on an average of ten days’ time to extension work during the year. 
This has been a most valuable contribution to their communities 
and has enabled the extension workers to reach thousands of homes 
which otherwise would not have been served. 

Agricultural Program.—The Extension Service, the Experi- 
ment Station, the State Department of Agriculture, the State Depart- 
ment of Conservation and Development, the State Federation of 
County Boards of Agriculture, and the State Grange are cooperat- 
ing in a study to outline an agricultural policy for the State of New 
Jersey. The study has been going on for about a year, and pre- 
liminary reports are being prepared. 

Agricultural Conferences——A convention of bankers interested 
especially in agriculture was held at the Agricultural College in 
December. In the spring of 1925, the chairman of the Agricultural 
Committee of the State Bankers’ Association and the director of 
the Extension Service visited 16 counties for conferences with 
bankers and the county agents for the purpose of developing closer 
cooperation between the bankers and the county extension agents. 

The third annual conference of New Jersey Feed Dealers held 
in 1925 had an attendance of 168. 

The annual encampment of boys and giris in club work held 
in June, 1925, had an attendance of 244 for the three-day period. 
This encampment is a reward for those who have done successful 
club work. 


8 New JERSEY AGRICULTURAL 


Exhibits—The Extension Service cooperated with the Trenton 
Fair by making exhibits of boys’ and girls’ club work in agriculture 
and home economics extension specialists in ‘spreading extension 
tion of $10,000 for two buildings at the Trenton Fair grounds for 
the boys’ and girls’ club exhibits. It is not too much to say that 
this exhibit of the boys’ and girls’ club work is one of the best 
exhibits at the fair. 

The dairy club animals at the National Dairy Show took first 
prize with the Holstein herd; first with the Guernsey herd; first 
with the Jersey herd; first in showmanship. Eight states were in 
competition, including the best dairy states in the country. 


AGRONOMY 


Aside from the projects under way during the preceding year 
and continued through the present fiscal year, one other project 
has been started on which progress may be reported. This is an 
ecological survey of typical New Jersey pastures and is designed 
to indicate the more important factors which influence the carrying 
capacity of these pasture lands. Records from 135 farms—approxi- 
mately one-half of the total number—have been obtained during 
the present year. All of these records are from farms on the 
coastal plains of the state, whereas the succeeding records will be 
largely from glacial soils of the northern part of the state. 

Progress is also reported on the establishment of vegetative 
and fertilizer studies on certain grasses, particularly the several 
strains of bent grass largely used in the better greens of golf 
courses. This work, in cooperation with the Greens Committee of 
the United States Golf Association, is well under way and is pro- 
ceeding in accordance with plans previously outlined. 

During the present year, additional data have been obtained 
in the alfalfa seed source tests, in the red clover source tests, in 
the timothy strain tests, in the corn breeding project, in the spring 
grains variety tests, in the winter grains variety tests, and in the 
size of seed piece and rate of planting tests with potatoes. Several 
of these projects are now sufficiently advanced to justify the publi- 
cation of summaries of the data secured. 

Although the agronomist has been on leave of absence since 
February 1, the work has been organized in such a manner as to 
permit the uninterrupted study of the problems outlined for the 
year. 

ANIMAL HUSBANDRY 


Livestock and Equipment.—During the year progress has been 
made in attaining a better equipment in livestock for the depart- 
ment. A frame building that had been moved from the campus in 
1923 was completed as a sheep fold, and a flock of sheep was 
secured. In the spring of 1925, 10 sheep—5 purebred Shropshire 
ewes, purebred Shropshire ram, and 4 grades—were purchased. 
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During the summer 2 Hampshire ewe lambs and 2 Dorset ewe lambs 
were bought. Waldo Barron, of Slippery Rock, Pennsylvania, 
donated a fine Rambouillet ewe. In the early fall, 6 fine purebred 
Shropshires—5 ewes and 1 ram—were given to the department by 
Miss Ruth McTwombly, of Florham Park, New Jersey. With 
these additions and the natural increase, the department now has a 
flock of 22 sheep, excellent material for teaching as well as for 
research workin an industry that is now commanding more atten- 
tion on the part of thoughtful livestock men in New Jersey. 


Progress has been made in the improvement of. the herd of 
swine. The Duroc Jerseys, which a few years ago were decidedly 
off-type, have been improved, by careful breeding, so that it is not 
exaggeration to say that the department has one of the best, if 
not the best, college herd of Durocs in the East. Last fall the sale 
of breeding animals to farmers in New Jersey, which was discon- 
tinued in 1919 because of the inferiority of our stock, was resumed 
and three fine Duroc boars were sold at nominal prices. 


Three excellent Berkshire sows were purchased at a ‘nominal 
price from Richard Wais, one of our Short course graduates, and 
one of the leading Berkshire breeders in the East. Through the kind- 
ness of Roy Patrick, of Quinton, New Jersey, who has lent breed- 
ing animals to the department, a fine herd of Hampshire swine is 
being established. There are in the herd at the present time 175 
head of swine, including 140 young pigs and the following boars and 
brood sows: 


Boars Brood Sows 
BE SS atered USES? Ee Ge ee 2 23 
Pee aATIC Ga riTia pie cre Ask Gee siete bok e Sa = 3 
BAM SINITOS Later hs sk ee tee elas 2 2 
er ionitosiemee Art. Tyke WRT ent <3 ~ 2 
PRAT PSEIROS U4 ae aed Fis eee, Ae hae ~ 3 
fs 32 


The stock judging pavilion, which was moved from the campus 
to the farm, has had extensive repairs, including a new roof, electric 
light service, tan bark ring, and renovation of the heating system. 
The building is used by both the dairy and animal husbandry groups 
and is now in fine shape. 


In equipping the new class room and laboratory building for 
the dairy and animal husbandry departments, the latter department 
finished off and equipped a large room on the third floor for chemi- 
cal work in connection with animal nutrition. It was planned to use 
this for both instructional and research problems. With the addi- 
tion of a biochemist to the staff of the Experiment Station, under 
the provisions of the Purnell funds, tnis laboratory and its equip- 
ment, as well as the room adjacent to it were turned over to the 
biochemist, with the understanding that the necessities of the depart- 
ment for biochemical work would be met by the new department of 
agricultural biochemistry. 
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Research—The research program has been confined entirely 
to investigations in the feeding and management of swine. In the 
summer of 1924 a project on the study of protein selection by swine 
was started. Twelve pigs, about ten weeks of age, each of which 
was confined in a 1/20-acre lot, were fed, by means of separate 
self-feeders, seven different sources of protein—three of animal and 
four of vegetable origin. The feeds were carefully weighed in and 
out of the feeders each day to ascertain the daily consumption of 
each material, and the pigs weighed each week until they had at- 
tained a weight of 200 pounds, when they were removed from the 
experiment. It was planned to carry this project through several 
years before making any final conclusions. The second year of 
the project was completed during the: months of July, August, and 
September, 1925. 

Another project carried out by W. C. Skelley, was the study 
of the effect of Protozyme, a commercial product carrying enzymes 
that act on both carbohydrates and proteins, on the growth of 
swine. The work was divided into two parts, with suckling pigs 
and with shotes. Contrary to the results of the experiments with 
poultry, the investigations with swine did not disclose that either 
the young pig or the shotes made any substantial gains as a result 
of the Protozyme additions to the feed. 

The determination of the value of hogging down corn as a 
practice for New Jersey farmers was the object of the third project. 
A plot of corn of about three acres was divided in two parts. One 
part was cut and husked and the corn fed by hand to 16 pigs in a 
pen. The other part was hogged down by 16 pigs who remained in 
the lot for 28 days. The pigs that were fed by hand each gained 
0.45 pounds more per day, which at 14 cents per pound for pork 
meat 6.3 cents on the same feed than did those in the field. On 
the other hand, the cost of cutting, shocking, husking, carting, and 
feeding more than absorbed this apparent margin of profit. 

Still another project is being conducted in cooperation with the 
United States Department of Agriculture and the National Live 
Stock and Meat Board. It has for its purpose the determination 
of the effect of tankage and fish meal on the growth of swine and 
on the quality of the carcass. During the year an attempt was 
made by means of preliminary tests, to ascertain whether there 
were any differences in the chemical composition of swine fed tank- 
age and of those fed fish meal. No differences appeared in the nitro- 
genous composition of muscle fibre. The fat determinations have 
not yet been made. The project will be carried out in a more com- 
prehensive manner during the summer of 1926. 


DAIRY HUSBANDRY 


‘Breeding Experiment with Dairy Cattle—This project is now 
in its sixth year. In view of the fact that linebreeding is being 
compared with outcrossing, the project must be continued for sev- 
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eral years more. At this time it may be reported that the daughters 
of the first outcross are making some very good records. No set- 
backs have taken place in the breeding work of this experiment 
during the year and it is hoped that by another year some compari- 
sons may be made between the first outcross and the original foun- 
dation animals used in the experiment. 


Rations for Dary Heifers During Winter Months —This proj- 
ect was continued during 1925-26 when three groups of yearling 
heifers were wintered as follows: 


One group was stabled in the dry stock barn and each animal was 
fed six pounds of grain a day with hay and silage ad libitum. The 
second group was fed hay and silage ad libitum in the dry stock barn. 
Group three were allowed to run outside all winter with only an 
open shed for shelter. Each animal in this group was fed ten pounds 
of grain a day with hay and silage ad libitum. 


From the results noted it would seem that the economy in man- 
agement was in favor of the method of feeding used with group two. 


Minimum Milk Requirement for Raising Dairy Calves—Prog- 
ress has been made with this project during the year and several 
calves have been continued on a ration consisting of corn, oats, 
bran, oil meal, and skim-milk powder fed dry from the time the 
calf is 30 days of age. No ration has as yet been found that will 
keep young calves from having a period of setback after they are 
taken from the milk diet. It is proposed to add codliver oil to the 
above ration and continue several more calves for future trials. It 
is now planned to establish cooperative studies at the Walker-Gor- 
don Farms. The administration of these farms has offered to fur- 
nish all the calves necessary for nutrition trials. Reports have 
come to hand from several farmers who have been feeding the skim- 
milk powder ration to young calves with excellent results. These 
calves, however, have not received the skim-milk powder ration 
until 60 days of age. It is felt that the department has saved New 
Jersey dairymen much money in its findings on calf feeding. 


A Babcock-Gerber Method for Determining the Percentage of 
Fat in Ice Cream.—The department has made an important con- 
bution to the ice cream industry with the completion of a Babcock- 
Gerber method for determining the percentage of fat in ice cream. 
Previous to this time, if accurate analytical results were desired 
in the analysis of ice cream, the Mojonnier method was to be recom- 
mended. On account of its cost the Mojonnier tester has been 
unsatisfactory for the small ice cream manufacturer. With the 
Mojonnier method used as a standard for comparison, the results 
of this experiment indicate that the Babcock-Gerber method as 
carried out by this department in its recent experiment is 231 per 
cent more accurate than any method other than the Mojonnier. 
The average variation from the Mojonnier on 40 samples of ice 
cream tested was 0.19 per cent with the Babcock-Gerber method. 
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This method seems well adapted for factory use where simplicity, 
cost of equipment, and time are important considerations. How- 
ever, where absolute analytical results are desired the Mojonnier 
should be used. The usual cost of the Mojonnier tester is $1400, 
whereas the Babcock-Gerber method can be conducted with a testing 
outfit costing less than $100. 

Effects of Ultraviolet Irradiation and Green Feed on the Min- 
eral Constituents of the Blood and Milk of Cows on Adequate Diet, 
but Protected from Direct Sunlight—It has been shown conclu- 
sively that the ultraviolet components of sunlight influence the min- 
eral metabolism of animals. Some experimental workers report 
that irradiation with ultraviolet light increases the calcium and in- 
organic phosphorous in the blood of animals on diets deficient in 
minerals or in the antirachitic vitamin. In order to determine the 
effects of irradiation and green feed on the mineral constituents of 
the blood and milk of cows, five milking Holstein cows of various 
ages and stages of lactation were exposed daily to ultraviolet light 
from a mercury vapor lamp. These animals were protected at all 
times from direct sunlight. Conclusions from this trial would indi- 
cate that exposure to ultraviolet light for one-half hour per day 
will not noticeably affect the amount of milk produced, the per- 
centages of calcium and phosphorus in milk, or the percentage of 
calcium or phosphorus in the blood of cows. ‘There was some evi- 
dence that irradiation for one hour per day would increase the 
amount of calcium in the milk. Green alfalfa did not alter the 
mineral content of the blood or the milk. This experiment will be 
continued during the winter months of 1926-27, to determine the 
biological food value of milk from cows treated with ultraviolet rays. 

A Comparison of the One-Day vs. the Composite Sample in the 
Analysis of Milk for Butterfat—This project was undertaken 
to determine whether tests secured by farmers in their cow testing 
associations could be compared with the butterfat tests received at 
the creamery where composite samples were taken for a period of 
15 days. Much dissatisfaction has been existing of late among 
farmers who are members of cow testing associations and who sell 
milk at the creamery on the butterfat basis. The farmers have used 
the one-day test of the cowtester as an argument that they were 
not receiving a fair test at the creamery. Results seem to indicate 
that the fat. content of milk is so variable from day to day that 
any one-day’s test cannot be taken as an index of the test of the 
composite sample which represents all the milk delivered during 
the 15-day period. 

During the year much interest has been shown in problems of 
research by the ice cream manufacturers in the Metropolitan dis- 
trict. The head of the department of dairy husbandry has been 
in close touch with the Metropolitan Ice Cream Association, and 
beginnning July 1, Lewellyn Dibble, a graduate of Cornell Agricul- 
tural College, will be employed on full time as a graduate assistant. 
His efforts will be entirely in the field of ice cream research. 
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CHEMISTRY 


The activities of the department of Chemistry during the fiscal 
year ending June 30, 1926, were confined largely to the inspection 
work required by the laws regulating the sale of commercial ferti- 
lizers, agricultural lime, insecticides, and commercial feeding stuffs. 
An emergency condition which developed in South Jersey necessi- 
tated the organization of a temporary branch laboratory in that sec- 
tion. This emergency work required the services of two chemists 
and, since the men connected with the department are needed for 
the regular work, some rearrangements in the ‘service became nec- 
essary. 


During the year all of the required inspections were made. They 
involved the analyses of 2704 samples. The results of these analy- 
ses were duly reported to the parties interested as soon as the 
results had been secured; and at the completion of each inspection, 
the results were printed in bulletins for general distribution. 


Commercial Fertilizers —Registrations of 1381 brands of mixed 
fertilizers and fertilizer materials were made by 136 manufacturers 
and brokers. 


The inspections are made as efficient and thorough as was pos- 
sible by sampling at many different places. The inspectors visited 
every county in the state and secured samples from 401 dealers and 
consumers. A sample of every brand was examined and duly re- 
ported on and, in many instances, duplicate samples were examined 
in accordance with request made by the purchasers. The total num- 
ber of fertilizer samples examined was 1129. 


There were 627 samples of mixed fertilizer examined. These 
samples represented 435 different brands—426 brands containing 
nitrogen, phosphoric acid and potash, 6 brands containing nitrogen 
and phosphoric acid, and 3 brands containing phosphoric acid and 
potash. Of these brands 116, or 27 per cent, were deficient; 47 
in nitrogen, 60 in phosphoric acid, and 20 in potash. Everything 
considered, the fertilizers delivered within the past year were in 
a better condition than those of the preceding years. 


Agricultural Lime—Forty-four manufacturers registerd 89 
brands during the year. A comparatively large number of samples 
were received, but many of them were unofficial samples. All of 
the samples received were examined and duly reported on. 


Insecticides —Fifty-seven manufacturers registered 311 brands 
during the year. The total number of samples examined was 138. 
The official samples were accompanied by 206 guarantees, 16. of 
which, or 7.8 per cent, were not sustained, 


Commercial Feeding Stuffs—During the year, 473 manufac- 
furers and brokers registered 2221 brands. The inspections were 
thorough, for the inspectors visited every county in the state and 
collected a sample from the stock of 299 dealers and consumers. 
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The total number of samples examined was 1426, of which 1196 
were official samples and the others were forwarded by individuals. 
The results of the guaranteed samples show that 503 fully satisfied 
the guarantees given, and in addition, 310 samples substantially sat- 
isfied the guarantees. There were 335, or 292 per Centon tne 
samples deficient. The number of deficiencies found were as fol- 
lows: protein 110, fat 96, and fiber 181. 


ENTOMOLOGY 


Twelve projects cover the work of this department; of these 
certain phases of eight have been actively pursued, whereas four 
have been temporarily inactive. Only those projects which have 
been active will be touched upon in the following paragraphs. 


Climate and Insect Investigations——tIn the field of climate and 
insect investigations it has been found, in the course of a study of 
the entire life cycle of the apple tree tent caterpillar, that different 
stages in the insect’s development have widely different body water 
content. Beginning shortly after deposition, the water content of 
the egg was 48.5 per cent. This percentage of water decreased until 
hatching of the caterpillars, when the caterpillar’s body was found 
to contain 39.4 per cent. From this point the water content rose 
rapidly, reaching 68.5 per cent six days after hatching and 85.1 per 
cent at the close of the second instar. Irom this time, the percent- 
age of water in the body of the caterpillars remained about the same 
until pupation, when it dropped in the pupae to 71 per cent. The 
body water was still further decreased when the adults appeared 
and then amounted to 60 per cent. This seems to demonstrate that 
part of the entomologist’s theory, stated some years ago, which 
maintained that body water requirements would be found to be dif- 
ferent for the different stages in insect development. An interesting 
study of storage tissue, measured in terms of fat content of this 
insect throughout its life cycle was made. Shortly after deposition 
of the eggs a fat content of 9 per cent was found. This storage 
tissue decreased until hatching, when it amounted to 0.66 per cent. 
From this point, it rose until at the end of the second instar it 
was about 5.85 per cent. The fat content then rose about 8.04 per 
cent. From this time to pupation, the fat content rose with extreme 
rapidity, reaching, just before pupation, 18.71 per cent. In the 
pupae, principally by reason of a great decrease in water, the per- 
centage of fat was 28.82 per cent. This fat was not all used up 
in the process of forming the new adult, because in the fresh adult 
the fat content was 26.1 per cent, thus leaving a supply of this 
storage tissue to be drawn upon for egg maturation and embryonic 
food supply. An interesting study of the relation of nitrogen, as 
representing the proteins, was made. The egg shells and the frothy 
covering of the egg mass were found to be about one-half nitrogen. 
The recently fully formed larvae within the egg ranged from 9 to 
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10 per cent nitrogen. Nitrogen rose slowly and relatively gradually 
to the time of hatching when it was about 15.13 per cent. From 
that point it diminished slowly until, in the pupae, it was about 
8,26 per cent, and in the fresh adult it was about 9.03 per cent. 
Two points here are worthy of especial consideration. With the 
exception of the time when the storage tissue and the water had 
been enormously reduced—at the close of the egg stage and again 
in the fresh adult—the percentage of nitrogen in relation to total 
body weight remained approximately the same, indicating that 
about so much protein substance, and largely in the living pro- 
toplasm, was necessary to carry on the work of the organism. The 
actual amount of this living tissue increased as the organism in- 
creased. The second point is concerned with the comparatively in- 
creased amount of nitrogen in the adult and may well be concerned 
with the formation of the egg shells and the frothy covering. 


Orchard Insect Investigations 


Codling Moth.—A study has been made of the relative value of 
the codling moth cage, the thermal constant and the bait pan 
method. It was proposed in this study to determine the proper 
time for the application of spray mixtures for the control of the 
side worms of the codling moth. In orchards where not more than 
50 per cent of the unsprayed fruit will become infested in the 
course of the season, the use of the thermal constant and the codling 
moth cage will afford excellent data for the proper timing of these 
sprays. As a matter of fact, the data seem to indicate that the 
thermal constant, which, of course, is obtained by figuring accumu- 
lated temperatures and requires merely accurate maximum and mini- 
mum thermometers, alone may serve as a pretty good agent for 
determining the right time to apply sprays under the above condi- 
tions. However, in orchards where more than 50 per cent, and 
especially where 100 per cent, of the unsprayed fruit will become 
infested by codling moth in the course of the season, the bait pan 
method seems to offer valuable service. The reason for this conclu- 
sion lies in the facts: (1) that when the moths appear in the 
orchard they enter the bait pans, thus informing the grower that 
they are abroad and prepared to lay eggs, and they continue to do so 
as long as they are present, and the weather is sufficiently favorable 
to afford proper conditions for egg deposition; (2) that the film 
coating of the fruit must be maintained throughout the period of 
time that the codling moth worms are trying to enter the fruit. At 
the request of the growers of some 1,500 acres of bearing fruit in 
the Glassboro district the entomologist is supervising the spraying 
for the summer season of 1926. 


The Oriental Peach Moth—Vhe oriental peach moth has been 
found to have a considerable range of movement, clearly indicating 
that the problem of controlling this insect is not purely a question 
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of individual orchards. A certain parasite, known as Macrocentrus, 
probably azcylivora, which is likewise thought to be a parasite of 
the strawberry leaf roller, was found very prevalent during the 
season of 1925 and, undoubtedly, was responsible for the enormous 
reduction which occurred in the injury done by the peach moth. 
This parasite has been found working vigorously in the season of 
1926. The studies of oriental peach moth baits have not indicated 
any hope that the bait and trapping method will serve for purposes 
of control. It will, however, show when the moth is present. It 
will thus influence the spray, and as an adjunct of peach moth con- 
trol, in the same way that the burlap band is utilized in connection 
with codling moth control. A study of the relative value of disk- 
ing, plowing, and combined plowing and disking for the destruction 
of overwintering oriental peach moth larvae on the ground under 
the peach tree has shown that in soils where the disk can penetrate 
to the depth of 4 to 5 inches disking is about as efficient as plowing 
or as the combination. The application of nicotine sulfate in the 
regular spray practice, as indicated in the amount of fruit saved, 
more than pays the cost of the material and, since this material is 
mainly combined with the regular sprays, should prove a practical 
procedure. A study of the wintering quarters of the oriental peach 
moth conducted during the spring of 1926 indicates, where mummies 
occur in numbers under the trees, that 75 or 80 per cent of the ori- 
ental peach moth larvae overwinter on the ground. Around 15 per 
cent go over as larvae in cocoons on the parts of the tree from the 
crotch up, and the balance on the trunk within a distance of 8 inches 
of the surface of the ground. All these results indicate: (1) that 
peach trees should be treated with para-dichlorobenzene as for peach 
borer and mounded high; (2) that some time in April the soil 
beneath the peach tree should be cultivated with plow or disk or 
both; (3) that where the infestation is heavy the addition of nico- 
tine sulfate to the regular spraying mixtures at the times recom- 
mended should be made. It has also been found that the over- 
wintering larvae from the crotch of the tree upward are very shal- 
lowly placed and that, in all probability, a penetrating spray can be 
found which will destroy them; possibly a penetrating gas would 
do the work. ‘These last points, however, remain for further inves- 
tigation under the head of control. 


European Red Mite——Studies of the relative value of oil emul- 
sions and miscible oils, which show a cost relation of one to three, 
for killing the overwintering eggs of the European red mite indi- 
cate clearly that a 2 per cent oil in the emulsion form is an efficient 
destroyer of the eggs of the European red mite as is 4 per cent 
oil in the miscible form. These studies also indicate that the per- 
centage destroyed by either a 2 per cent oil emulsion or a 4 per 
cent miscible oil is probably too small to render satisfactory control, 
under favorable mite reproduction conditions, and that the strength 
of oil should be increased. The excellent control of the season of 
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1926 is, in the opinion of the entomologist, due to a combination 
of the oil treatment with unfavorable mite reproduction conditions. 


Para-dichlorobensene Dissolved in Soluble Pine Tar Creosote.— 
A test of this material against the larvae of the borer (Euzophera 
semifuneralis), working in the bark of linden trees and against the 
larvae of the mottled poplar and willow borer infesting pussywil- 
lows, has shown it to have extremely high penetrating and insecti- 
cidal power. ‘The data, resulting from these tests are such as to 
indicate that this material should be tried against the codling moth 
and the peach borer in their winter quarters in the bark of the apple 
and peach trees. 


Investigations of Dusts, Spreaders, Stickers and Diluents for 
Spraying and Dusting Mixtures 


Water-Soluble Arsenic in Spray Mixtures.—lIt has already been 
demonstrated by at least three departments in the Experiment Sta- 
tion that lead arsenate, under certain conditions, results in serious 
burning of peach and apple tree foliage. It seems also to have been 
pretty well demonstrated that this burning is due to the presence 
of water-soluble arsenic, which is formed after the lead arsenate 
has been applied to the trees. Careful study of the relation of 
humidity, temperature, and sunlight to the formation of water- 
soluble arsenic indicates that beyond the presence of sufficient mois- 
ture in the mixtures to allow chemical transformation to take place, 
these factors have no particular influence on the formation of water- 
soluble arsenic. It is theorized but not proved that their apparent 
effect is exerted not through the formation of larger amounts of 
water-soluble arsenic, but through rendering the trees, foliage, and 
fruit more permeable to the water-soluble arsenic which is present 
under all conditions where the humidity in the mixture is sufficient 
to allow chemical change to take place. A careful study of the 
influence of hydrated lime, Kayso, and sulfur upon the formation 
of water-soluble arsenic from lead arsenate shows: (1) that, as 
long as there is an excess of hydrated lime, lime operates as a pro- 
tective agent by taking up and rendering insoluble such arsenic as is 
freed from lead arsenate; (2) that as soon as the lime hydrate 
has been transformed to lime carbonate, decomposition of the lead 
arsenate is greatly accelerated and the water-soluble arsenic thus 
formed is not recombined in an insoluble form; (3) that a 75 per 
cent lime content of “Kayso” is occasionally, through long storage, 
transformed to lime carbonate in which case the addition of “Kayso” 
to lead arsenate results in theformation of greatly increased 
amounts of water-soluble arsenic and consequent increase in burn- 
ing; (4) that the combination of elemental sulfur with lead arsenate 
has very little effect upon the appearance of water-soluble arsenic. 
A rather extensive study of compounds which, when added to lead 
arsenate, will result in rendering insoluble such water-soluble ar- 
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senic as appears, shows that charcoal and the oxides of zinc, iron, 
and aluminum are noticeably effective for this purpose and cheap 
enough to be within the range of practicability. Unfortunately, 
zinc oxide has been shown to burn both peach and apple when 
applied alone. The tests of the other materials thus far seem to 
indicate that they do not burn the plants when used alone. 


Dusts-Stickers.—Starting with a simple material—petroleum oil, 
from which the unsaturated hydrocarbons have been removed—a 
very considerable series of possible adhesives for dust mixtures 
have been studied in the laboratory. As a result of this study, white 
oil and copper resinate are now undergoing field tests as stickers 
for insecticidal and fungicidal dusts. 


Oil Studies—Work in the northwestern part of the United 
States has demonstrated that a petroleum oil, which is free from 
the unsaturated hydrocarbons, is less toxic to plants than a petro- 
leum oil in which the unsaturated hydrocarbons are still present. 
Quite independently the same conclusion was reached in investiga- 
tions here at this laboratory. A study of the action of miscible oils 
in comparison with oil emulsions shows distinctly that the ordinary 
miscible oil does not eject its oil after being sprayed on the tree 
and that the oil emulsion promptly throws out its oil after being 
applied to the tree. This, we believe, is the explanation for the 
greater toxicity of ordinary oil emulsions. In an earlier section of 
this report it was pointed out, in the case of the European red mite 
overwintering eggs, that a 2 per cent oil emulsion spray was as 
toxic to the red mite eggs as a 4 per cent miscible oil. This conclu- 
sion 1s further borne out by laboratory data obtained from studying 
the effect of the same percentage of oil upon the eggs of the Euro- 
pean red mite, whether that percentage was derived from miscible 
oils or oil emulsions. There is one miscible oil on the market which 
ejects its oil promptly after application. ‘This miscible oil in equiva- 
lent amounts was found to be as toxic as the oil emulsions. 


Relation of Arsenic to Growth of Apple—tIn the course of 
studying spreaders and stickers for lead arsenate it has been found 
that the rate of growth of the apple tree is so rapid in the fore- 
part of the season that, after the very early sprays, the amount of 
arsenic per square inch of leaf surface grows less, until the latter 
part of June, in spite of the fact that throughout this time heavy 
and frequent sprays containing lead arsenate are applied. After 
June, however, the increase of lead arsenate per square inch of 
leaf surface is very marked. This has a very distinct bearing upon 
spray practice for control of insects, especially codling moth. This 
fact seems to indicate that the spraying in the forepart of the season 
against the first brood of codling moth side-worms should be very 
intensive and that spraying against the codling moth in the latter 
part of the season can, where this practice is adopted, be very 
materially reduced. 
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Small Fruit Insect Investigations 


Raspberry Crown Borer——The raspberry crown borer is an in- 
sect of large importance in the growing of raspberries and black- 
berries in southern New Jersey and is particularly important in 
Atlantic County in the vicinity of Hammonton. During the past 
year the insect has been found to be single brooded; to pass the 
winter as small larvae, each in its blister-like cavity in the surface 
of the raspberry canes at a point varying from the surface of the 
ground to three inches below; and to be susceptible of destruction 
by the application of tobacco dust under proper conditions. The 
control methods of this insect by the use of tobacco dust require a 
further extensive experimental trial during the fall of 1926 before 
they are ready for general extension. 


Soil Infesting Insect Investigations 


Wire-W orms.—Work against the wire-worm has been largely 
confined to Passaic County in the Richfield district where it has 
been extensively troublesome to the market garden growers for a 
period of several years. Studies of the wire-worm have been ex- 
tended to a point in Bergen County and to another point in Camden 
County. The results of these studies indicate that this kind of wire- 
worm infests lands under constant cultivation and crop production ; 
that no material has been found which can be used against it in 
the presence of plants growing on the soil, without destroying the 
plants; that either carbon bisulfied emulsion or calcium cyanide 
can be used to destroy this insect and clean the land; and that of 
the two, calcium cyanide is much the cheaper. Field methods of 
applying calcium cyanide are in process of being perfected. Naph- 
thalene has shown some promise as an insecticide for wire-worms 
but, at this date, has not yet got beyond laboratory tests. 


Cranberry and Blueberry Investigations 


Plant-Food Studies——Tests of the year just closed on plant- 
foods for cranberry growing upon Savannah bottom bogs indicate 
that the practice of using the standard mixture worked out by the 
station in years past is giving excellent results. The decision has 
been reached, however, to recommend not over 500 pounds of this 
mixture for annual treatments. 

Weed Killers ——“Weed Killer,” the principal active agent of 
which is arsenic, has grown in the favor of cranberry producers 
enormously in the last few years and, thus far, there is no evidence 
of accumulative effect of arsenic. The principal problem seems 
now to be a question of varietal resistance, as between the cranberry 
plants and the weeds. Wild sweet potato has been killed in this 
way and the cranberry vines have been left practically unharmed. 
A special effort is now being made to find the percentage which 
will kill ferns and not injure the cranberry plants. 
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False Blossom.—False blossom, a disease of the cranberry plant, 
has been shown in the course of a survey to have been brought into 
the state on cuttings for cranberry plantings. 


Dusts and Sprays.—Dusting has been shown to be not nearly 
so efficient in the control of cranberry rot as is bordeaux soap. 


Water Table Studies ——Water table studies have shown that 
when the water is maintained at the surface of the bog, cranberry 
ret is greatly increased and, aside from that factor, the productive 
capacity of the vines greatly reduced. The best yields occur where 
the water table is from 9 to 12 inches below the surface. 


Japanese Beetle-—A study of the ability of Japanese beetle grub 
to withstand spring flowage of the bogs indicates that the larvae 
can withstand ten days’ flowage, but studies to determine the ability 
of Japanese beetle larvae te withstand winter flowage, which is nor- 
mally held about four months, show that all perish. 


Blueberry Insects ——Blueberry insects, consisting of the blue- 
berry tip worm, a new species damaging the tips; a stem borer, re- 
sembling the raspberry stem borer; a lepidopterous larvae, boring 
into the berries; and the cranberry reot worm, have been under 
investigation at the laboratory, but the data upon them have not 
reached the point where conclusions can be drawn. 


Rejuvenation of Bogs.—The problem of the improvement of 
cranberry bogs that have ceased to be economically productive in- 
volves first the finding of the cause of their decadence and then the 
discovery of the corrective. The first phase of the problem has 
been under investigation during the year just closed. Plant-food is 
not always the limiting factor. As the years have passed, cranberry 
foliage and cranberry vines have dropped to the floor of the bog 
and have decomposed to a certain extent. The acidity of the peat 
in those bogs is extremely large, indicating a pH of 3.02 in the 
worst areas. Microflora and microfauna are extremely low. The 
problem is being attacked first from the standpoint of modifying 
the reaction by the addition of lime and possibly of other materials, 
but the results obtained thus far are not adequate to justify the 
drawing of any conclusions. 


Bee Investigations 


Fruit Pollination Studies——Studies of fruit pollination, through 
the agency of honeybees, this year have confirmed those of previous 
years, showing that in southern New Jersey the need of honeybees 
as pollinators is very general, whereas in northern New Jersey wild 
bees render honeybees probably unnecessary. The details of the 
use of honeybees for this purpose have been further amplified to a 
point where unequivocal recommendations can be made. 


Fumigants Against the Wax Moth—A combination of ethyl 
acetate and carbon tetrachloride has been tried against the wax moth 
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and found to be very satisfactory at 60°F. ‘This material is no 
more effective than carbon bisulfied, but is non-inflammable and, 
consequently, more desirable from that standpoint. 


Gaseous Chlorine as a Disinfectant for American Foulbrood.— 
Although this study has not yet been completed, enough data have 
been secured to indicate that gaseous chlorine is an efficient disin- 
fectant for combs infected with American foulbrood. 


Disease Resistant and High Production Strains of Honeybees.— 
Strains of honeybees resistant to European foulbrood have been 
developed in the New Lisbon bee yard and the time is approaching 
when the distribution of this stock can begin. High production 
strains are being studied at Lebanon and selections for high produc- 
tiveness have been going on there during the past year. This bee 
breeding work is rendered practical by the fact that variations in 
the desired direction have been secured and methods of pure mating 
have been worked out. A sharp watch is now being kept for the 
appearance of American foulbrood-resisting sources of bees. When 


they are found the development of a strain resistant to that disease 
will be begun. 


Mosquito Control 


Biological Investigations —Disappearance of Oil Larvicide in 
Polluted Waters—F¥or a number of years it has been known that 
oil used as a mosquito larvicide on sewage polluted waters. very 
quickly disappeared; in some instances so quickly as to be totally 
ineffective as a larvicide. It has been shown that cultures of hydro- 
carbon-digesting bacteria destroy the oil film in 30 hours, under 
summer room temperature; that a mixed culture of hydrocarbon 
digesters and hydrogen sulfied ‘producers destroy the film in 30 
hours; and that hydrogen sulfide gas destroys the film in 3 hours. 
These results seem to explain the disappearance of the oil, because 
all sewage polluted waters contain these bacteria. 


Mosquito Repellents—In the study of mosquito repellents it 
has been found that thuja oil, cinnamic aldehyde, anisic aldehyde, 
bergamot oil, clove oil, and pyrethrum extract are the most effective 
substances tested. Pyrethrum extract and the other substances 
mixed with vaseline, cold cream, or face powders afforded consider- 
ably more protection than when applied alone. ‘These substances, 
when used alone, afforded protection from one-half to one and one- 
half hours, and when used in jelly or powdered form lasted from 
two to three hours. 


Food Supply of Mosquito Larvae——An extensive study of the 
food supply of mosquito larvae has shown that chemical composition 
of the water determines the food supply, providing enough sunlight 
is present. 


Salt Marsh Vegetation.—The exclusion of sea water from: salt 
marsh meadows results in an enormous removal of the salts held 
in the soil, making large changes in the physical nature of the soil 
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and in the vegetation upon it. The vegetation upon an open salt 
marsh is controlled by the height of water table and the salt content 
of the soil solution and, consequently, is susceptible of control by 
drainage operations. From a practical standpoint, these results indi- 
cate that enclosed marshes should be allowed to flood during the 
non-mosquito breeding season in order that the salt content of the 
soil may not be reduced to a point where typical salt marsh vegetation 
is destroyed. 

Migration —In August, 1925, a large brood of mosquitoes escaped © 
from that section of the Upper Passaic Valley known as the Chatham 
Bridge and Canoe Brook Swamp. Fortunately, at no other point 
close enough to interfere with the study of movement from this area 
was there any marked issue of mosquitoes. “The species concerned 
was approximately 90 per cent A. sylvestris, the fresh water swamp 
mosquito. ‘This afforded a favorable opportunity to study mosquito 
movement from point of emergence outward. ‘Two methods were 
used in making this study. The evening’s collections were made on 
radii, extending from this point outward in all of the principal direc- 
tions. ‘The collections on these radii were made at approximately 
one and one-half mile intervals. This brood was exceedingly dense 
at the point of issue. Some idea of its density may be obtained from 
the statement that one man, collecting as rapidly as he could, secured 
125 specimens in fifteen minutes and this number was limited only 
by his manual dexterity. ‘These collections show a diminishing num- 
ber of mosquitoes outward from the point of origin. In this instance 
the main armies moved north and south or up and down the Passaic 
Valley. ‘The extreme range of movement was found to be seven 
miles, as the crow flies, from the point of origin. ‘This brood, con- 
trary to one recorded in 1917, did not cross the mountains bordering 
the valley. The second method employed in measuring movement 
consisted in the collection of approximately 20,000 mosquitoes at the 
point of origin, staining them with methylene blue, allowing them to 
dry, and releasing them. Full data upon the number of stained 
mosquitoes collected are not yet complete and the conclusions cannot, 
therefore, be given in this report. 

Ditch Cleaning Machinery.—By the close of the fiscal year, seven 
motor ditch cleaning machines were at work upon the New Jersey 
salt marshes. Although certain weaknesses have been shown to 
occur in the practical use of these machines, the fact remains that 
they clean ditches at a cost of from one-fourth to one-sixth that of 
hand labor and do a far better job. 

Ditch Cutting Machinery—The ditch cutting machine on June 
30 was approaching completion in the shops at Elizabethport and it 
is hoped that a test on its performance may be obtained during the 
coming fiscal year. 


Practical Work of Mosquito Control 


Correlation of County Effort.—Constant contact with the County 
Mosquito Commissions and their workers was maintained throughout 
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the year and, insofar as possible, the work of one commission was 
adjusted to the work of other commissions. The annual meeting 
of the New Jersey Mosquito Extermination Association and the 
monthly meetings of the Associated Executives were prepared for, 
attended, and aided in every possible way that was within our power. 
Contacts were maintained with the New Jersey Federation of 
Women’s Clubs and fifteen lectures were delivered upon the problem 
of mosquito control. 

County Mosquito Accomplishment.—During the year just closed 
the County Mosquito Commission have: (1) cut 1,126,806 feet of 
ditching upon the salt marsh; (2) recut 976,020 feet of old ditching 
on the salt marsh; (3) built 14,576 linear feet of dike upon the salt 
marsh; (4) installed 42% square feet of cross section tide gate 
outlet; (5) cut 134,505 feet of ditching upon the upland; (6) cleaned 
1,319,826 linear feet of ditching on the upland; (7) maintained 
periodic inspection throughout the summer season of 1925 of 320,000 
acres of upland territory and 130,725 acres of salt marsh; (8) 
eliminated, insofar as was at all possible, by all means at their com- 
mand, all breeding found in this area. ‘ 


Mosquitoes of the Year.—From the beginning of the spring of 
1925 to the first of July, 1925, mosquitoes were markedly absent 
in the protected zones, although they were present in abundance in 
the unprotected sections. In July rainfall increased and mosquito 
breeding became more difficult to control. In certain sections of the 
metropolitan area mosquitoes were troublesome during the latter 
half of July and most of the month ef August, but in the southern 
and central sections of the state the salt-marsh mosquito was held 
under excellent control. In the latter part of August mosquitoes in 
the section troubled disappeared and the rest of the year was free in 
the protected sections. From the beginning of spring to June 30, 
1926, the metropolitan area has been very free from mosquitoes on 
the wing. In the central part of the state the salt-marsh mosquitoes 
have been held under excellent control. In fact, throughout the salt- 
marsh area the mosquito control has been very satisfactory. In the 
southern part of the state there have been large issues from undrained 
marshes, some .of which have reached into protected zones. The 
species concerned in the outbreak of late July and August in the 
season of 1925 were A. cantator, C. Pipiens, and A. Sylvestris in the 
northern half of the state, and 4. sollicitans in the southern half of 
the state. 


HORTICULTURE 
Pomology 


The Pomology Department has conducted experimental projects 
during the year involving the spraying of peaches, propagation and 
distribution of promising peach seediings, fertilization of apples, 
pollination studies of apples, cultural studies of grapes and straw- 
berries and variety tests, including tree fruits, small fruits and grapes. 
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Spraying Experiments with Peaches —The spraying experiments 
with peaches were again carried on at the Del-Bay Farms, Bridgeton, 
and at the Horticultural Farm, New Brunswick. Finely ground 
peat, zinc oxide and gypsum were found to be unsatisfactory as sub- 
stitutes for hydrated lime in connection with the preparation of New 
Jersey Dry-Mix to be used in combination with lead arsenate. The 
peat and gypsum failed to prevent arsenical injury, while the zinc 
oxide itself proved to be very injurious to peach foliage. Further 
evidence was secured showing that it is desirable to increase the lime 
content of Standard New Jersey Dry-Mix (8-4-50 formula) when 
used in combination with lead arsenate. It is apparent that the lime 
content should be at least doubled and probably brought up to a point 
equal to 8 pounds of unslaked stone iime, the amount used in pre- 
paring self-boiled lime-sulfur. This problem requires further study 
in order to develop a spray mixture for peaches that will be just as 
effective as New Jersey Dry-Mix and safer to use on peach foliage 
in combination with lead arsenate. 

Apple Pollination Studies.—In view of the increasing need for 
some definjte information, based on New Jersey conditions, some 
apple pollination studies were started during the spring of 1926. 
The work during the first year was limited to a study of some of the 
varieties that might be used as pollinizers for Stayman. Jonathan, 
Delicious and McIntosh pollen gave the heaviest set of fruit on Stay- 
man, with Golden Delicious, Melba, Wealthy, Rome, Starking, Starr 
and Grimes close seconds. Baldwin, Gravenstein and Smokehouse 
were found to be very poor pollinizers for Stayman. 

Cultural Studies of Strawberries-—A new phase of work under 
this project was started during the past year in response to requests 
from growers for information relative to the reason for so many 
poor stands of runner plants in connection with the development of 
the common matted row. An experimental plot was established in 
Burlington County to study the effect of source of plants, time of 
planting, soil temperatures and various other factors that may be 
involved in the rooting and development of runner plants. Observa- 
tions made up to July first, indicate that the type of plant as well as 
the time of planting have an important bearing upon the satisfactory 
development of the so-called matted strawberry row. 

Propagation and Distribution of Peach Seedlings.—Over 7,000 
trees of 15 varieties were distributed among 172 residents of New 
Jersey during the fall of 1925 and the spring of 1926. In addition 
to the distribution within the state. 429 trees of 13 varieties were 
distributed among 25 growers and Agricultural Experiment Stations 
in 16 other states and 2 foreign countries; namely, Canada and Aus- 
tralia. Another lot of budded trees is now growing in the Horti- 
cultural Farm nursery for distribution this fall, and next spring. 
Three varieties; namely, Cumberland, Radiance and Eclipse were 
released to New Jersey nurserymen during the year, a total of 30,000 
‘buds being sent out for propagation purposes. Eight test orchards 
have now been established in different sections of the state, several 
of which produced fruit during the past year. 
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Vegetable Gardening 


The work of the vegetable department in 1926 consisted of exten- 
sive fertilizer experiments on asparagus, cantaloupe, cauliflower, sweet 
corn, tomatoes and peppers at New Brunswick. 

The sweet potato experiments begun in 1921 were continued in 
Ocean County on the farm of Chas. Underhill, at Lakewood, and 
consisted of plant-food studies to determine the influence of potash on 
the yield and form of the tuber, to compare sources of potash, and 
to determine the best combination of fertilizer ingredients for the 
sweet potato. 

In spite of a dry and unfavorable season for the sweet potato 
the influence of potash on the relation of length to diameter was 
similar to the results secured in previous years and reported in 
Bulletin 398—Sweet Potato Studies in New Jersey. 

The field experiments with sweet potatoes will be discontinued 
for the year of 1926, as the work has gone as far as possible under 
field conditions, and Dr. W. Rei Robbins will carry on controlled 
experiments at’ New Brunswick in the greenhouse to measure the 
effect of each of the several factors that may influence the shape of 
the sweet potato. 

The Gloucester County asparagus project on the farm of Herbert 
Borden, was continued in its third year. The first commercial cut- 
tings, 17 in number, were made from the bed between April 24 and 
May 30, 1925. Twenty-seven cuttings were made in 1926 between 
April 24 and June 29. The results in 1925 indicate that the conditions 
under which these experiments are being conducted are quite uniform 
as only slight differences in vields were found between the plots. 

The striking difference in both yield and time of maturity 
between cantaloupes started in veneer bands and those planted in the 
field was recorded for the fourth year in 1925, The first picking from 
the veneer-band plants was made on August 15, and on August 31 
for the field-planted seed. The average yield of firsts from the 
veneer-band plants was 226.858 bushel baskets, as compared with 
83.2 baskets of firsts from the field-planted seed. 


Breeding and Floriculture 


Peach Breeding.—Ten self-pollinated seedlings of Eclipse (a 
seedling of Belle self-pollinated) demonstrated a good segregation, 
being all yellow-fleshed, good quality, of about the same season as 
the parent and of the same habit of growth. One of these, ripening 


about one week earlier than Eclipse, was given an introduction 
number. 


Of a number of seedlings fruiting for the first time in 1925, one 
maturing about with Carman, a large, attractive, yellow-fleshed free- 
stone of good quality, will be named Golden Jubilee in honor of the 
fiftieth anniversary of the New Jersey State Horticultural Society 
held at about its ripening period. The naming is contingent upon 
further proof of merit. 
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In the spring of 1925, 9580 hand-pollinations were made on the 
7 peach and nectarine trees which were covered. ‘These crosses 
involve the securing of new varieties, especially early and late, the 
latter being in demand at the present time. Inter-specific crosses 
were made by using the almond, and a study of the inheritance of 
the smooth skin character of nectarinz was begun. 

From the breeding work of 1924, 1790 peach seedlings, mainly 
crosses of station seedlings on J. H. Hale, are growing in the nursery. 
These also include crosses with Amygdalus kansuensis, an extremely 
hardy bush peach from China. 

The value of the Starr apple as a pollinator was proved, and 30 
seedlings of Williams crossed with Starr and 124 seedlings of 
Wealthy crossed with Starr are now in the nursery. 

J. H. Hale again proved itself self-unfruitful, only 7 fruits setting 
out of about 500 blossoms on a tree covered in 1926. Chinese Cling 
was again proved self-unfruitful. ° 

Carnation Breeding.—One pink seedling was selected for final 
test before dissemination. 

Crosses made during the year were to improve the scarlet, pink 
and yellow varieties. ‘The commercial variety Laddie and a red sport 
of this variety were used. Laddie is sterile as a male and nearly sterile 
as a female because of ovular pistillody. A few seeds are formed 
occasionally. 

The collection of Dianthus species was increased to 40. 

Hydrangea Culture -—This popular and valuable project is being 
continued to determine the underlying causes of the color change. 

Blue flowers are more difficult to produce at will, and aluminum 
sulfate, the seemingly best available material to produce acidity, is 
toxic in slight excess. It may be necessary to recommend the adjust- 
ment of the reaction of the soil in the fields in which the plants are 
grown during the summer. 

Cultures in percolators with constant drip, modified as to reaction 
with and without iron, gave all pink blooms. The plants had been 
grown in a soil prepared to produce pink flowers. This is in verifica- 
tion of previous findings that the color of the flowers is governed by 
the reaction of the soil in which the roots are growing at the time the 
flower buds are formed. 

Culture of Perennials.—Control measures with Iris rhizome rot 
(Bacillus carotovorus) indicate that environmental conditions play 
a large part in the virulence of the disease. Dahlias were again grown 
to the number of 428 varieties. In the seedling trial-garden operated 
in conjunction with the Dahlia Society of New Jersey, 82 seedlings 
were tested and 28 received certificates. 

Tests of the effect of potash on root production gave negative 
results in our soil. The variety grown was Lady Helen, a notoriously 
poor root producer. The lack of moisture may have been a limiting 
factor. | e 
Thrips, which have been seriously damaging dahlias for several 
years, were controlled by the use of nicotine dusts. 
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OYSTER RESEARCH 


‘The past season brought for the first time on an extensive scale 
recognition of the importance of studies of the occurrence of oyster 
larvae in the water as a guide to shelling. ‘The largest two planters 
in Barnegat Bay, having together in excess of 100,000 bushels of 
shells available, volunteered to keep these on the bank until told when 
to put them overboard. The planters were notified June 8 that a set 
would occur by the fourteenth. ‘They succeeded in getting their shells 
planted by the thirteenth. Setting began on June 13 and continued 
to June 29, planted sheels receiving the heaviest set since 1921. 


Shells planted upon the state beds in Delaware Bay and in Barne- 
gat Bay, 225,000 bushels in all, were put down with the advice of 
Mr. Dumont and of the Biologist. A fair set struck upon the Dela- 
ware shells and this lived, whereas the heavy set on the Barnegat 
shells all died within a few days. 


The first week of June, 1925, broke all records for the Weather 
Bureau. The water of Barnegat Bay rose suddenly to a temperature 
of 28.5°C (83°F) causing spawning to occur before the germ cells 
of the oysters had become properly matured. Practically all of the 
spat which set in June and in early June died before reaching the 


age Of 5 days. 


For the first time in scientific oyster investigation oysters were 
fed upon pure cultures of food organisms by Dr. G. W. Martin, of 
the University of Iowa, and the rate of growth measured. While the 
experimental spat did not make as great a growth as those kept under 
natural conditions it was demonstrated that-some organisms have a 
distinctly higher food value to oysters than do others. 


The temperature at which oysters will spawn has been fixed with 
considerable accuracy with the aid of a self-registering thermograph 
which has been in continuous operation on Barnegat Bay for three 
seasons. After the water reaches 20°C. (68F.) and maintains it for 
approximately 160 degree-hours, spawning occurs. Spawning is 
shown to occur also during the first sharp rise in temperature of at 
least 20°C in magnitude ren takes place after the temperature of 
20°C. is reached A set may be looked for, therefore, approximately 
17 days after the water temperature has reached and maintained 
20°C. Since the length of the larval life of the oyster is usually 13 
days in New Jersey waters, careful following of water temperature 
will make possible an increase by several Bey in’ the time available 
for shelling. 


Great interest has centered about the opening of the new Man- 
asquan-Bay Head canal through the possibility of opening new areas 
available for oyster growing at the head of Barnegat Bay. Since 
Manasquan Inlet promptly closed after the opening of the canal 
December 15, 1925, the net results has been to add the Manasquan 
River to the tributaries of Barnegat Bay. Tests made in April, 1920, 
showed the waters of the canal flowing into Barnegat Bay to be no 
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more salt than those of the bay near Bay Head. Should the inlet 
be opened and kept so, there may be slight increase in the specific 
gravity of the waters of upper Barnegat Bay, but this will probably 
not be sufficient to support oysters on grounds where they do not 
now occur. | 

The purpose of the Pennsylvania Railroad to make a solid fill 
across Barnegat Bay met with decided opposition from oyster 
growers and yachtsmen at a hearing before the representatives of 
the War Department in Seaside Park in July. Data based on the 
records of our self-registering tide guage at Barnegat Pier showed 
that the expert engineering opinions in the hands of the railroad 
were based upon false deductions. The railroad company withdrew 
its application, thus saving Barnegat Bay from the fate suffered by 
Manasquan ; rapid shoaling of the waters due to large areas of still 
water. 


PLANT PATHOLOGY 


Potato Spraying.—During the past year meetings have been held 
in cooperation with the county agents with groups of growers inter- 
ested in potato spraying. As the result of the activities in this direc- 
tion, we have records of 20 new sprayers being purchased and used. 
Five years ago not more than 25 growers in New Jersey sprayed 
their potatoes. This year, every community has a few growers who 
are spraying, and, in some sections of the state, nearly every field is 
being sprayed with Bordeaux mixture. 

Certified Seed.—The department has cooperated with the county 
agents of Monmouth and Mercer counties in maintaining seed- 
source and variety-test plots and comparisons of certified and non- 
certified seed potatoes. ‘These demonstrations have led to a much 
vreater use of good seed as is witnessed by the fact that five years 
ago the dealers of Central Jersey reported that less than 5 per cent 
of the seed sold by them was certified. This year at least 90 per cent 
of the acreage in Central Jersey was planted with certified seed 
potatoes. 

Five years ago one sack of seed from Prince Edward Island was 
included in one of the seed-source test plots. This was the first 
sack of certified seed planted in New Jersey from this section, and 
because of its demonstrated freedom from disease, this year approxi- 
mately 100 cars of seed from this source was planted in the state. 

Seed Treatment.—The department cooperated with a number of 
county agents in conducting seed-potato disinfection demonstrations. 
As the result of these, the practice of treating seed potatoes before 
planting is now being generally adopted by the potato growers. 

Potato Shows and Tours—The department assisted the potato 
growers in their potato show at Trenton during Agricultural Week. 
Well attended field meetings have been held in Monmouth, Middle- 
sex, Salem and Cumberland counties to explain the potato experi- 
ments and demonstrations to the growers. 


—— 
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Experiments and demonstrations with potatoes including seed 
source and variety tests, fertilizer studies, northern vs. southern 
grown seed, influence of time of planting late-crop potatoes on vigor, 
certified seed test plots, scab-control tests, influence of time of cut- 
ting on vigor of seed, potato spraying and dusting and degenerative 
disease studies, are being conducted on 20 farms in the state. ‘hese 
plots vary from % to nearly 4 acres in size. The experiments are 
planted and observations made by members of the Department of 
Plant Pathology. ‘The grower furnishes most of the material and 
cultivates and sprays the plots as directed. This has proven to be 
an economical method of conducting the work and at the same time 
affords an opportunity to show the growers what the station is 
doing along the lines of potato improvement. ‘This method of con- 
ducting the investigations has likewise led to considerable interest 
among the growers and a more general adoption of the station’s 
recommendations. The change in the potato industry in Central 
Jersey in the past five years can be cited as an example of this; 
five years ago approximately 80 per cent of the acreage in this sec- 
tion was planted with the American Giant variety. This potato is 
very undesirable from the standpoint of quality and a campaign 
was conducted against it. This year we know of only three farms 
on which the American Giant variety has been planted. 


Seed Potato Improvement.—Considerable work was done last 
fall with the South Jersey seed growers leading to the improvement 
of their seed stock. Numerous selection of disease-free Irish Cob- 
blers and Red Skins were made and these are being planted in tuber 
units, in seed plots. Attention is being given to several of the out- 
standing strains of potatoes in order that certain growers be instructed 
in the production of high-grade seed stock to be grown for cer- 
tification by the remaining growers. This is being accomplished in 
part by the organization of seed-potato clubs. All of the men in each 
club are growing a certain strain and the parent stock is being pro- 
duced by one grower under the direction of the department. This 
has proved to be an excellent method of maintaining the quality of 
the seed stock and at the same time has eliminated some of the dif- 
ficulties experienced in the past in marketing the crop. One club 
of some 20 members is already in operation, and a second is being 
formed. 


Apple Scab Studies —Arrangements were made with fruit growers 
in various parts of the state to send in apple leaves during the criti- 
cal period for scab infection. These leaves were examined to de- 
termine the development of the ascospores and the growers were 
advised concerning their condition. As the result of this work the 
growers were better advised concerning the timing of their sprays 
for the control of scab. 


Tomato Wilt Control.—In cooperation with the United States De- 
partment of Agriculture, tomato seed of varieties resistant to wilt 
have been placed on approximately one hundred farms. In most 
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cases these are planted in comparison with the present standard 
varieties which are known to be susceptible to the wilt organism. 


Answers to Inquiries -——During the past year the members of the 
department have answered over a thousand inquiries concerning 
plant diseases. Approximately 200 diseases on 83 different species 
of plant were identified during the year. In addition a large number 
of personal visits were made on farms at the request of either the 
farmer or the county agent. | 


Research Activities 


New Methods of Disinfecting Seed Potatoes—During the past 
year studies were conducted to determine if some method of dis- 
infecting seed potatoes for the control of scab could be discovered, 
to replace the present treatment which consists of soaking the seed 
for an hour and a half in either mercuric chloride or formaldehyde. 
As the result of these investigations it was found that 2 ounces of 
organic mercury dust applied to the uncut or 3 ounces to the cut 
tubers gave as efficient control of scab as the cumbersome liquid 
treatments. This will effect a considerable saving in time in dis- 
infecting seed potatoes and the simplicity of the treatment wiil lead 
to a more general adoption of this important adjunct to successful 
potato growing. 

Studies with seed-borne rhizoctonia indicate also that the use of 
the organic mercury compounds in either the dust or liquid forms 
will control this disease as efficiently as the standard mercuric chloride 
or formaldehyde treatment. 

Potato Spraying Experiment—lIn a test with the Gold Coin 
variety at Freehold the average yield of the unsprayed plots was 216 
bushels as compared with 293 bushels for those sprayed with Bor- 
deaux mixture. This increase resulted almost entirely from the 
control of flea beetles and leaf hoppers. In a similar test with the 
Irish Cobbler variety, the average yield of the unsprayed plots was 
193.9 bushels as compared with 247.7 bushels for the sprayed. In 
this test the use of copper-lime dust gave an increase of only 19.5 
bushels over the checks. In a spray test with the Irish Cobbler 
variety, conducted at Elmer, the average yield of the unsprayed 
plots was 78 and of those sprayed 5 times with 5-5-50 Bordeaux 
mixture, 130 bushels per acre. 

Influence of Soil Moisture on Rhizoctonia of Potatoes.—Investi- 
gations conducted during the past year show that this very serious 
disease of the potato is much more severe in dry than in wet soils. 
There is evidence to show also that the losses from the disease may 
be reduced by shallow planting. These studies clear up a number of 
troublesome points concerning rhizoctonia and will result in recom- 
mendations which. will lead to a reduction in its prevalence. 


Northern vs. Southern Grown Seed Potatoes-——This work, con- 
ducted in cooperation with Prof. Wm. Stuart of the United States 
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Department of Agriculture, furnished conclusive proof that as vigor- 
ous seed potatoes can be produced in South Jersey as in Maine. 
Comparative tests of Maine and New Jersey grown seed have been 
conducted for three years in Maine, Connecticut and New Jersey. 
In Maine the average yield of the Maine-grown seed was 315.3, and 
of that grown for one year in New Jersey, 312.4 bushels per acre. In 
Connecticut tne average yield of the New Jersey grown seed was 
211.1 and of the Maine grown seed 206.7 bushels per acre. In New 
Jersey the average yields were 109.6 and 113.9 for the Maine and 
New Jersey grown seed, respectively. These tests showed also that 
the same strain of seed may be grown for more than one year in 
New Jersey without loss of vigor as compared with the same strain 
in Maine. 


The results indicate that when potatoes are planted in New 
Jersey as a late crop and the necessary measures are adopted for the 
elimination and control of diseases, the potatoes produced are as 
vigorous for seed purposes as those grown in the northern states. 


Investigations of Apple Blotch.—Studies conducted within the 
past year indicate that blotch infection takes place at an earlier date 
than was formerly supposed. First blotch infection was observed on 
May 26; the trouble did not become general, however, until June 8. 
In the orchard where this work was conducted, only 11.5 per cent 
of the fruit was clean on unsprayed trees. On trees sprayed with 
concentrated lime-sulfur 48.1 per cent of the fruit was free from 
blotch, while where summer applications of 2-4-50 Bordeaux mixture 
were made the amount of clean fruit was increased to 77.6 per cent. 
The work on this disease has progressed far enough now so that 
if the recommended treatment is adopted a clean crop may be grown 
in orchards where previously a considerable portion was rendered 
unsalable by this very serious disease. 


Investigations of Apple Scab—Studies conducted to determine 
the time of infection of the apple scab organism show that in New 
Jersey we cannot expect any infection prior to the regular pink- 
spray application. In the spring of 1926 the heaviest discharge of 
ascospores, and consequently the heaviest infection of scab took place 
at petal fall. These studies showed also that spore discharge took 
place only during periods of rainfall. Preliminary studies indicate 
that temperature plays an important role in the development of the 
ascospores, no development taking place at high temperatures. These 
results are of value in assisting the growers in the timing of their 
spray applications. 

In comparative tests with various spray and dust materials for 
the control of scab, 50 per cent of the leaves on unsprayed trees 
were infected as compared with 0.6 per cent on trees sprayed with 
colloidal sulfur and 0.5 per cent on those sprayed with Dry-Mix. 


Sweet Potato Disease Investigations —Results of investigations 
on the control of sweet potato scurf and pox, two very serious 
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diseases of this important crop, showed that an application of 300 
pounds of sulfur, made before the sprouts are set out, will result in 
a clean crop. Studies on stem rot showed that the use of resistant 
varieties, such as the Red Brazil, Yellow Yam, White Yam and 
Triumph, is a satisfactory method of reducing the losses resulting 
from this disease. | 


Results of tests with varieties susceptible to stem rot, such as 
the Porto Rico and the popular Yellow Jersey strains, showed that 
a nearly perfect stand could be had by planting two or three sprouts 
per hill as compared with a stem-rot kill varying from 5 to 50 per 
cent where one plant was set. The use of the two or three plants also 
gave an increase of from 30 to 50 per cent in production. 


Studies on Spray Injury to Peach—A large number of modi- 
fications of New Jersey Dry-Mix and other sprays were again tested 
this year to determine the cause of spray injury to peach trees. As 
in former years, the injury proved to be due to the arsenical con- 
tained in the mixture. By reducing the lead arsenate to 1 pound per 
50 gallons standard Dry-Mix, the injury was practically eliminated. 
As a result of these tests our spray recommendations have been so 
modified that no spray injury occurs where the recommendations 
are carefully followed. 


Pet Root Rot.—Studies on the root rot disease of garden peas 
caused by Aphanomyces euteiches have given information which will 
aid materially in reducing the losses from this disease. As a result 
of variety tests for susceptibility to root rot, two varieties, viz., 
World’s Record and Sutton’s Ideal, which several years ago were 
scarcely known in this state, have become very popular among most 
of the pea growers in the root-rot areas. On severely infected soils 
these two varieties have uniformly given better yields than the varie- 
ties formerly grown. 

The discovery of a number of new host plants which may aid the 
root rot organism to tide itself over from season to season and to 
increase itself between pea crops, adds a new angle to the question of 
root-rot control. Since a successful rotation should exclude all the 
hosts of the organism, our recent results will help materially in work- 
ing out a satisfactory rotation for soils infected with the root-rot 
organism. Some of the crops which have been shown to be subjected 
to attack by Aphanomyces euteiches are garden peas (all varieties), 
Canada field peas, sweet pea, cowpea and winter vetch. The oogonia 
of the organism have also developed normally in dead parts of crim- 
son clover, navy bean, red kidney bean, spinach and timothy. It 
seems evident that the decaying parts of these plants may act as a 
suitable substratum for the saprophytic development of the root-rot 
organism in the soil. 


Eggplant Wilt Studics——The experiments on the effects of soil 


applications of lime and sulfur on development of eggplant wilt 
showed a partial control of the disease on plots which had been 
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acidified with sulfur. Where green manures were used in addition 
to sulfur the control was somewhat better than where no green ma- 
nure was added. Lining the soil greatly increased the losses from the 
wilt disease. On July 3, for example, the plots receiving 1000 
pounds per acre of hydrated lime showed 55 per cent diseased plants 
on the green-manured section, and 80 per cent on the part receiving 
no green manure. On the block receiving 600 pounds of sulfur 
per acre the proportion of plants showing wilt on this same date 
was 20 per cent for the green-manure section and 30 per cent for 
the unmanured portion. The growth of the plants as indicated by 
height was greater on the sulfured blocks and less on the limed 
blocks. The average height of the plants for the blocks receiving 
1000 pounds of lime, 500 pounds of lime, no treatment, 300 pounds 
of sulfur and 600 pounds of sulfur per acre, was 16.85, 17.55, 18.2, 
19.05 and 19.65 inches, respectively. Furthermore, the limed block 
yielded no remarkable fruits, while a fair crop was realized on the 
check and the sulfured blocks. 


Other Activities 


The plant pathologist acted as chairman of the Seed Potato 
Certification Committee of the Potato Association of America. A 
set of nuiform rules and regulations governing certification were 
submitted at the annual meeting of the association and adopted by 
a majority of the states offering this service. In order to bring 
about a greater uniformity in the interpretation of the rules and 
regulations and particularly to have uniform inspection service in 
all of the states, a conference of the seed potato certification author- 
ities was held at Freehold. This was attended by pathologists from 
Maine, New York, Vermont, Pennsylvania, District of Columbia, 
Michigan, Virginia, Canada and Bermuda. The conference was a 
decided success and will unquestionably result in considerable im- 
provement in certification methods. In continuation of this work 
plans are being formulated to protect certified seed potatoes from 
fraud. 


The plant pathologist also acted as chairman of the New Jersey 
Potato Improvement Committee, consisting of a representative of the 
bankers, potato dealers, growers, State Department of Agriculture 
and Farm Bureau Federation. Considerable time was spent in work 
with the growers and dealers in an effort to improve the potato 
crop. Attention was given to the use of better seed, spraying, proper 
cultural conditions, and particular attention was given to better grad- 
ing of the crop. A number of meetings were held with the dealers 
who contributed. funds to employ loading point inspectors. This 
intensive educational campaign resulted in a decided improvement 
in the quality of Jersey potatoes and was the means of impressing 
the growers with the need of adopting the modern, approved prac- 
tices of potato growing if they are to be successful with the crop. 
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This committee has been continued along slightly different lines. 
A 300-bushel club has been organized, the members to include those 
growers who produce 300 bushels of U. 5. Grade No. 1 potatoes 
on a 5-acre block. Through this work the committee hopes to fur- 
ther impress the growers with the need of adopting the best potato- 
growing practices. 

The plant pathologist served as associate editor of The Potato 
Journal. This is published by the Potato Association of America 
and is received by a large number of farmers in the United States 
and Canada. As collaborator of “Botanical Abstracts” he abstracted 
the New Jersey Experiment Station publications, including bulletins, 
circulars and annual reports. During the year the members of the 
department addressed 30 meetings. These were attended by 2,444 
growers. 


PLANT PHYSIOLOGY 


The research activities of the department of plant physiology dur- 
ing the past year were devoted chiefly to the following lines of 
investigations : 

Iron availability and mobility in plants. 

The relation between the vegetative pigments (chlorophyll, carotin, 
and xanthophyll) and the physiological activities and yield in corn. 

Correlation studies between morphological characters and yield in 


wheat. 
Studies on the stimulatory effect of boron upon plants in solution 


cultures. 
The effect of seed mutilation and initial food reserve on the efficiency 
indices of the plants. 

Considerable progress has been made during the year in all these 
lines of investigation and, on the whole, the results of the year’s 
work have been gratifying. 

‘The work on the iron project has brought out some very inter- 
esting and important relations. It has been found that the reaction 
of the plant juices bears a direct relation to the mobility and distri- 
‘bution of iron in the plants. Plants, such as buckwheat and oxalis, 
‘whose juices show pH. values considerably below the precipitation 
point of iron, have no difficulty in obtaining from growth media and 
distributing sufficient iron to insure normal production and proper 
functioning of chlorophyll in the leaves. On the other hand, iron 
mobility and proper distribution is rendered difficult when the reac- 
tion of the plant juices lies close to the precipitation point of iron, 
as it does in such plants as corn and soybeans. Under such internal 
conditions, the reaction of the medium in which the plants are 
grown becomes an important factor. These relations may explain 
the occurrence of certain pathological phenomena on soils which 
have received special fertilizer treatments, such, for example, as 
‘the occurrence of “lime induced” chlorosis in some plants and not 
in others on limed soils. The relation of iron mobility to reaction 
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of plant juices and growth media has been studied in connection 
with a few of the agricultural plants only. Thus far it appears that 
each species presents its own peculiar iron problem. 


Studies on the relation between vegetative pigments, leaf area, 
and dry-weight yields in corn have been continued during the year. 
Thus far no clear relation has been found between growth rates and 
pigment content expressed either on the basis of unit area of leaf 
surface or unit weight of dry leaf substance. However, in compar- 
ing different varieties on this basis, it was found that those having 
relatively high chlorophyll and certain content per unit of leaf area 
or per unit of weight, invariably produced higher yields than did 
those with relatively lower pigment content measured on the same 
basis. 


During the past four or five years, data have been collected 
from three varieties of wheat grown in different climatic regions 
over several crop years for the purpose of making correlation studies 
between morphological characters and yields and of determining the 
physiological causes underlying certain relatively stable correlations, 
and how these could be used in predicting grain-yielding ability. 
In contrast to previous investigations of a similar nature, crops 
were grown in the drilled row with normal rates of seeding, and the 
unit of area was used as the basis for calculating correlation coeffici- 
ents. These studies have brought out the fact that correlations must 
prove stable before they can be used with any degree of accuracy 
in predicting yields. The use of formulae involving the number of 
spikes and the factors expressed as “gram yield per spike” usually 
prove unreliable in predicting grain-yielding ability, and this indi- 
cates that probably the best method of selecting high-yielding strains 
is still that of careful field-plot testing over a series of years. 


During the year a study was begun involving the investigation 
of the responses of the broad bean (Vicia faba) to boron in culture 
media. Recent investigations at the Rothamsted Experimental Sta- 
tion have suggested that perhaps boron is an essential element for 
the growth of this plant. However, data obtained here, although 
the work has not yet progressed very far, indicate that the maximum 
stimulatory effect of boron in growth media decreases as the effici- 
ency of the media increases for producing good growth, and that 
entirely normal healthy plants can be grown in the absence of boron 
by selecting the properly balanced culture solution. This work is 
being continued. 


Work on the seed-weight project involving the determination of 
efficiency indices of several species grown under different experi- 
mental conditions, has been resumed. This work has not progressed 
sufficiently as. yet to warrant a statement in regard to the effect of 
seed mutilation on the efficiency indices of plants grown from 
mutilated seed. 
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POULTRY HUSBANDRY 


The activities of this department can be summed up under the 
following headings, Research, Egg pe Contests, and Adminis- 
tration of the Exhibition Fund. 


New Jersey Egg-Laying Contests 


Beginning November 1, 1925, the Vineland Egg Laying Con- 
test was turned into a one-year contest, on the same basis as the 
Bergen County contest. For the year beginning November 1, 1924, 
and ending October 31, 1925, the birds at the Vineland Ege-Laying 
Contest made an average production of 128.2 eggs, and for the 
same period the birds at the Bergen County Egg-Laying Contest 
made an average of 144.4 eggs. ; 

During the past vear it has been necessary to do considerable 
repairing at both contests, and a special appropriation from the 
Legislature for the amount of $6,000, is being used to partially 
cover the labor and necessary equipment for placing the contests 
in good condition. 

Poultry Exhibitions and Shows-—During the past year the 
amount of $6,000 was made available by the Legislature for the 
purpose of paying premiums at poultry shows. The following 
shows received from $300 to $800 each for this purpose: 

Trenton Fair Association Poultry Show 
Flemington Fair Association Poultry Show 
Atlantic County Fair Association Poultry Show 
Vineland Poultry Association 

Essex County Poultry Association 

Middlesex County Poultry Association 
Sussex County Fair Association 

Morristown Poultry and Pet Stock Association 
Gloucester County Poultry Association 
Mercer County Poultry Association 
Hackettstown Poultry Association 

Riverside Poultry Association 


Research 


Laboratory of Poultry Pathology.—A total of 1423. cases were 
handled in the poultry pathology laboratories. Of this number 760 
were handled by the examination of diseased fowls, 391 cases by 
letter, 33 cases from the College Farm, 105 cases from the Vineland 
Egg-Laying Contest, 25 cases of disease in cage and ornamental 
birds, and 3 cases by telephone. In the course of the year 106 
visits were made to farms affected with disease. A total of 2322 
specimens were autopsied, and in them 3470 diseases were found. 

A total of 52,886 blood samples were tested. Of this number 
52,680 were made on fowls for the control of Bacillary White 
Diarrhea, and 206 tests were made on cattle for Infectious Abortion. 

Experiments relative to the practical administration of Kamala 
(a tapeworm treatment) are being made at Vineland. Particular 
attention is being paid to the effect of this drug on birds chroni- 
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cally parasitized or affected with secondary conditions. Experi- 
mental chicks are also being fed with many kinds of possible inter- 
mediary hosts suspected of being carriers of tape worms. 


A parasite affecting the proventriculus has been encountered on 
several occasions and an attempt will probably be made to find its 
intermediate host. A similar parasite affecting aquatic birds is car- 
ried by a water crustacean to which observed infested fowls could 
not have had access. A paratyphoid infection in the common fowl 
has been determined and will be studied in comparison with other 
types under avian paratyphoid organisms. Progress is being made 
in determining the extent of this type of infection. A number of 
outbreaks have been determined in cage birds and one outbreak 
in pigeons. This suggested the possibility of its occurrence in the 
domestic fowl and during the past year two such outbreaks have 
been found. The organisms are being studied in comparison with 
types from various hosts. 


The study of the relation of soil reaction to the infectious poultry 
disease organisms has demonstrated that the fowl typhoid organism 
(Bacterium sanguinarium) will not live for a week in soil as acid 
as pH 6.2 or lower. At pH 7.0 the organism is still viable after 


sixteen weeks. 


One phase of the study of ascaridia perspicillum has been com- 
pleted. An experiment to determine the effect of the common dis- 
infectants on the embryonated eggs in soil showed that a 5 per 
cent solution of phenol was effective when used at the rate of 1 
gallon to 10 square feet. A 1 to 1000 solution of bichloride of mer- 
cury, a 5 per cent solution of formaldehyde and 5 per cent solution 
of hydrochloric acid used at the same rate failed to destroy the eggs 
of A. perspicillum. 

Experiments are being conducted on the rearing of fowls in con- 
finement for the prevention of all intestinal parasites. Ground in- 
fection is prevented by keeping the birds entirely off the the ground 
by means of a concrete slab extending out 10 feet from the brooder 
house. Prevention of tapeworm infestation is effected by enclosing 
the concrete runs with fly screen. Lots of chicks reared on con- 
crete with and without screening and also on the ground by the 
usual methods will be placed under respective conditions in laying 
quarters so that a study may be made of the effect of such rearing 
on egg production, disease, etc. 


Other Projects—One of the main projects which has been car- 
ried on at this station for the past two years, along nutritional lines, 
has been the influence of feeding a fungus enzyme on production 
and growth of poultry. A part of this work was reported in the 
annual report for 1925. Since that time work has been done on 
layers, which has indiacted that there is a favorable result from 
the feeding of this material to layers at the rate of 3 per cent in 
the mash. During the spring of 1926 some of the work carried on 
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last year relative to the feeding of enzymes in the growing of young 
stock has been repeated. The results indicate, as they did last year, 
that under average conditions the addition of approximately 3 per 
cent protozyme in the mash will have a favorable effect on the 
growth of chicks for the first six or eight weeks. 

Another project which was carried out during the past winter 
had to do with the effect of using electric lights on laying birds. It 
was found that greater production resulted in the pen in which 
lights were used. ‘There was also less molting. ‘There seemed to 
be a slight loss of weight per bird in the pen where lights were 
used compared with the check pen where no lights were used, which 
would indicate that more work should be done to determine whether 
it is possible to maintain body weight and at the same time increase 
production with the use of artificial light. 

A test was run in comparing two dry mash mixtures for laying 
hens, with the object of ascertaining whether it is possible to sim- 
plify the New Jersey dry mash. It would appear that a simpler dry 
mash can be made up for laying birds with fully as good results as 
those containing the wider range of ingredients. 

A comparison was made of three sources of animal protein for 
the purpose of determining whether there is any advantage in feed- 
ing a higher protein meat scrap to poultry. From the results ob- 
tained during the first five months, it would seem that there is prac- 
tically no difference between a high protein meat scrap and a regu- 
lar 50 per cent meat scrap, when the nutritive ratio. of the mash 
remains the same. 


SEED CONTROL 


The seed control laboratory has carried on its two main lines 
of work, much as it had in previous years, namely, the analysis of 
so-called official samples of seed and the analysis of unofficial sam- 
ples. Seed samples have been collected from all local dealers in the 
state. The crop samples have been analyzed for purity and germina- 
tion and a report of the laboratory findings given to the dealer. 
Vegetable seed samples have been analyzed for germination and a 
report made to the local vendor. These samples represent the type 
and quality of seed sold to the general public in the open market, 
constituting the official inspection. As this is not completed until 
the end of the year, the report is made at a later date, giving com- 
plete results for the year. To date approximately 1500 samples 
have been drawn and analyzed by the laboratory. 

The testing of unofficial samples has long been the popular phase 
of the laboratory activity. Unofficial samples are those sent in for 
analysis by farmers, growers and dealers. This service is rendered 
by the seed laboratory free of charge and is considered very valu- 
able to the agricultural industries of the state. Any resident can 
send to the laboratory any kind of a seed and ask for an identifica- 
tion, a purity or germination analysis, weed-seed content, crop-seed 
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content or a general statement of value for seeding purposes. This 
feature of the laboratory’s activities requires the greater part of the 
time of three analysts. The reports made to the sender are detailed 
and give purity percentages, weed-seen content, germination, etc. 
There is a constant increase in the numbers of requests for this 
service due, no doubt, to previous educative measures and to the 
benefits which those who have availed themselves of the opportunity — 
have gained. 

As requests for analyses increase, the equipment and number of 
analysts must increase in proportion. Another full-time assistant 
was added to the force this year. A total of 2916 samples, or over 
8000 determinations, have been made during the last fiscal year. 
These samples represent practically as many lots of seed held in 
storage for planting. A large percentage of these samples are vege- 
table seeds, but many are fancy lawn and turf mixtures requiring 
much time and training and technical knowledge on the part of the 
analyst to determine the kinds and percentages of the various in- 
gredients. A number of golf course mixtures have been analyzed. 
Large numbers of lawn grass samples have also been examined. 
The convenience of having samples of seed analyzed and the knowl- 
edge of their quality and viability previous to planting is of ines- 
timable value to the inquirer. 

In addition to seed identification the department makes weed 
identifications also. A record of these specimens is kept in the 
laboratory files so that a weed infestation can be traced wherever 
it occurs. 

The department also carries out the provisions of the Legume 
Inoculant Law which governs the sale of inoculants for legumes. 
Samples of these materials are secured from the stock of retail ven- 
dors throughout the state. They are analyzed both for the specific 
organisms they may contain and for their adaptability to special 
legume plants. A detailed report of the findings of each sample 
is returned to the vendor. In addition to the official testing of 
legume inoculants there has been this year some unofficial work in 
the testing of samples used for experimental purposes. 


SEWAGE RESEARCH 


With the progress made from year to year on fundamental 
studies of the biology of sewage disposal it becomes more apparent 
that the information gathered will ultimately lead to decided im- 
provement of existing systems of sewage disposal. It also paves 
the way for new, thoroughly understood methods. Considerable 
information has been obtained during the last fiscal year on the 
effect of environmental conditions on the speed of sludge digestion 
and the feasibility of controlling these conditions. Particular. atten- 
tion has been paid to the influence of reaction of the material and 
the effect of temperature on the rapidity of digestion. Informa- 
tion relating to these two factors is extremely meager or totally ab- 
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sent. The fact that with a certain adjustment of the medium the 
time of digestion is reduced and the type of digestion is influenced 
or can totally be changed is ample evidence that the possibilities of 
improving existing systems and the establishing of new methods of 
anaerobic digestion are real. These questions are no longer in the 
realm of speculation. We are on the threshold of a new phase of 
sewage disposal, namely, that of scientific control. In connection 
with scientific plant control it may be recorded that aside from the 
most fruitful cooperation at the Plainfield plant we have begun co- 
operative experiments on separate sludge digestion, on a large scale, 
with the City of Baltimore at its Back River sewage disposal plant. 

The sewage laboratories established by an act of the New Jersey 
Legislature in 1920 as a joint project between the New Jersey Agri- 
cultural Experiment Station and the New Jersey State Department 
of Health will be expanded at the end of the fifth year into a De- 
partment of the Biology of Sewage Disposal of the New Jersey 
Agricultural Experiment Station. During these five years the New 
Jersey Sewage Works Association has been in close contact with 
the work of the sewage laboratories. Some of the experimental 
results secured may be briefly described as follows: 


Effect of Lime on Sludge Digestion 
Optimum Reaction 

1. Poorest digestion prevails when materials in tanks are slightly acid 
or very alkaline. 

2. Different reactions influence digestion differently. 

3. “Liquifaction” and “gassification’? can be induced by certain re- 
actions. 

4. Best results are obtained with reactions of pH 7.3—7.6. 


Effect of Lime 


1. Lime influences the flora and fauna of sewage solids and consequently 
the chemical intermediate and end products. 

2. Lime changes the physico-chemical relation in sewage solids so 
that the solids are differently distributed in the liquid phase with 
different reactions. 

3. In general lime additions up to a certain point stimulated the numbers 
of bacteria, but maximum numbers do not necessarily mean maximum 
digestion. 

4. With higher reactions (above pH 7.6) great fluctuations in bacterial 

numbers occur, indicating a condition of unstability. At these higher 

reactions odors enamating from the digesting material are stronger 
and more offensive. 

If the reaction of incoming fresh solids is kept at pH values of 

7.3—/7.6, odors are practically absent. 

6. The numbers of protozoa decrease markedly when the reaction of 
the digesting material is changed from pH 7.2 to 7.6, and higher 
reactions cause alternating rapid increases and decreases in numbers, 
but variation in pH values between 7.2 and 8.8 had no effect on 
the variety of species. 

7. Daily additions of fresh solids kept at pH values of 7.3—7.6 can be 
increased from 2 to 3.5 per cent dry solids. 


on 
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Imhoff Tanks 
A comparison of two Imhoff tanks, one treated with lime to adjust 
the reaction of its contents and the other untreated, showed that the 
treated tank gave no sign of foaming and was free from scum for 
several months in spite of the fact that it was continuously operating, 
whereas the untreated tank had to rest and could not be put into opera- 
tion for a long time on account of heavy foaming. 


Separate Sludge Digestion 

Experiments on separate sludge digestion were conducted during the 
period October 14, 1925, to April 16, 1926, on a tank with a capacity 
of 25,000 cubic feet and equipped with a floating cover. Results show 
that during this period such a tank can handle about 100,000 cubic feet 
of fresh sewage solids of a 5 per cent solids concentration, provided 
the relation between fresh solids and ripe sludge is kept in the correct 
proportions (additions daily of 2 per cent fresh solids on a dry basis) 
and the incoming material is adjusted with hydrated lime to a definite 
reaction of pH 7.3. 

Figures over several years on the Plainfield plant show, that the 
digestion compartment of an Imhoff tank required to treat the same 
quantity of solids in the same time is 56,000 cubic feet. 


Amounts of Lime Necessary 

1. Lime, if needed, should be added daily to fresh solids in separate 
sludge digestion tanks and is preferred for Imhoff tanks because it 
is more economical and better results for digestion are obtained. 

2. The amount of lime necessary to adjust the Plainfield fresh sewage 
solids to pH 7.3 is from 3 to 4 pounds per million gallons daily; 
to adjust them to a pH value of 7.6 about 25 pounds per million 
gallons daily. 

3. Data are obtained and plotted to show the amounts of lime necessary 
to adjust the reaction of incoming fresh solids of different solids 


concentrations. 


Effect of Temperature on Digestion 

1. The effect of raising the temperature a few degrees above a minimum 

of 50°F is comparatively slight. 

2. Digestion time is materially decreased with higher temperatures. 

3. Optimum temperature for rapid and efficient sludge digestion is 
about 80°F. (Average temperature during the year in the digestion 
chamber of Imhoff tanks at Plainfield is 59°F, highest 74°F, and 
lowest 48°F. Temperature is 54% months below the average). 

A definite amount of organic matter produces a given amount of 
gas irrespective of temperature. . 

The amount of gas produced from a -definite amount of organic 
material in a given period depends upon the temperature. 

Gas production and composition of gas is influenced by the reaction 
of the medium. 

Under certain conditions, which are entirely practical, the rate of 
gas production can be speeded up from 5 to 10 times. 


SD wo 


Optimum Reaction and Temperature 


1. Optimum reaction and optimum temperature together increase the 
rate of digestion more than one of the two alone. 

2. Exclusion of air induces “liquifaction’”’ and increases the rate of 
solids reduction. This liquifaction can be changed by proper re- 
actions and proper temperature to gassification. 

3. Lime, at lower temperatures (50-60°F.) retarded the death rate of 
the B. coli group. 

4, Lime, at higher temperatures (75-95°F.) accelerated the establish- 
ment of spore-forming anaerobic organisms. 
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Studies on Film Accumulation im the Filter Beds.—Data col- 
lected on old and new films throughout one year showed fluctuations, 
but there is a general trend. The average amount of wet film de- 
posited upon a tile each week weighed approximately 3.5 gm. with 
a variation of 2 to’'5 per cent solids (average 4 per cent). The 
rate of film deposit was not uniform throughout the bed in feed 
to total deposit amount of solids and percentage ash. 


The older film showed a fluctuation with gradual increase in 
solids content from one sloughing period until the next, with an 
increasing percentage of ash. 


The action and efficiency of new and old film throughout the 
bed changed according to its accumulation. 


It is suggested that the design, of a filtered-bed should depend 
on the amounts of solids to be handled. It will be a question of 
economics whether more area or more depth is desired. 


Distribution and Succession of Protozoa in Imhoff Tanks 


1. Flagellates are far more numerous than ciliates in Imhoff tanks. 

2. Vertically, flagellates are present in maximum numbers usually 
between 5 and 7 feet. There is no definitely located point for the 
ciliate maximum. 

3. Numbers of- protozoa are independent of observed range of H-ion 
concentration and temperature in the tanks. 

4. There is definite relation between large increases in numbers and 
foaming. 


Effect of Chemicals on Digestion 


1, Small quantities of lime hasten digestion processes; larger quantities 
retard digestion, the greater the amount added the greater the re- 
tardation. 

2. Sodium nitrate proved beneficial, the more sodium nitrate added the 
more rapid was the digestion. 

3. Soduim sulfate, in the amounts used, hastened digestion, but con- 
siderable odor was caused by the libertion of hydrogen sulfide gas. 

4. CaHPOg, is of no value for increasing the rate of digestion. 


Study of Material Suspended in the Liquid Above 


Decomposing sewage sludge-——An experiment was run to de- 
termine the source, the identity, and the changes taking place in the 
character of the material suspended in the liquid above digesting 
sewage sludge. The following conclusions are drawn: 


1. During the first stage of decomposition the major portion of the 
eee matter is finely subdivided carbonaceous material, probably 
cellulose. 

2. The fine state of subdivision is accomplished in the sludge layer 
during acid digestion, and the material is transferred to the liquid 
layer by gas bubbles. It remains suspended because its density is 
practically the same as that of the liquid. 

3. This carbonaceous material is returned to the sludge layer by floc- 
culation and the rest of the suspended matter is decomposed in the 
liquid in a manner similar to the decomposition in the sludge layer. 
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SOIL CHEMISTRY AND BACTERIOLOGY 


Field Experiments.—Nitrogen availability studies have been con- 
‘tinued on the original 40 plots. The crop this year is timothy. 


As a source of material for chemical, physical, and bacteriologi- 
cal studies the soil from these plots is particularly valuable. Other 
field experiments that have been continued are those dealing with 
magnesian and non-magnesian limestone, those with legume and 
non-legume green-manure crops, and some work with concentrated 
fertilizers. 


Two new cooperative experiments have been started, one in 
Burlington County and one in Monmouth County. The Burlington 
County experiment has for its object a study of the amounts of 
fertilizer and methods of applying fertilizer for sweet corn. The 
Monmouth County experiment is similar to the one in Burlington 
County, but includes tomatoes as well as sweet corn. 


Potato Experiments—The work on amounts of fertilizer, 
sources of nitrogen and amounts of potash for potatoes in coopera- 
tion with J. Harry Kandle at Elmer has been continued. This 
year will complete 10 years of work on this project. Due to the 
dry weather and diseased condition of the vines, last year’s results 
were of less value than those of any previous year. 


In addition to this work a field experiment is being conducted at 
the station for the purpose of determining the proportion of phos- 
phoric acid that will give best results with potatoes. Also the co- 
operative work with the Bureau of Plant Industry of the United 
States Department of Agriculture and the department of plant 
pathology on fertilizer ratios for potatoes (triangle experiment) 
has been continued. 


Cylinder Experiments—The cylinder experiments have been 
continued in the same manner as last year. They include studies on 
the availability of nitrogen in fertilizer materials with a constant 
supply of phosphoric acid and potash, and also with varying quan- 
tities of these materials. A comparative study is being made on 
three types of soil, of acid phosphate and rock phosphate for pota- 
toes. Also some work is being carried on in the cylinders with 
concentrated fertilizers. 


Microbiological Studies—Studies have been continued on the 
origin of humus in the soil and the microorganisms concerned in the 
transformation of the natural organic substances and chemical proc- 
esses involved. Of the different groups of microorganisms, the 
actinomyces were found to be most active in the decomposition of 
soil organic matter. A detailed study of the origin of peat is also 
being undertaken. 


_ A study of the catalytic power of the soil as an index of micro- 
biological activities in the soil brought out certain interesting rela- 
tionships. 
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Base Exchange Studies —Investigations have been under way 
on soil colloids and base exchange. The role of iron and aluminum 
irons in the soil has been under special investigation. 

An attempt is being made to separate, by dialysis, the crystal- 
line and colloidal substances in the soil. Quantitative determina- 
tions have been made on the unsaturated condition of some of the 
plot soils with special reference to the problem of soil acidity. 
Methods have been worked out for such determinations and a par- 
tial report published. 

Work on the base exchange capacity of the soil from certain of 
the plots and from areas in the state is progressing favorably. An 
attempt is being made to correlate this work with crop yields from 
the soil fertility plots. 

Studies on Aluminum Toxicity.—In connection with the avail- 
ability studies on sulfate of ammonia, laboratory and greenhouse ex- 
periments have been made with a view toward determining to what 
extent sulfate of ammonia, sulfur and sulfuric acid cause aluminum 
compounds to go into solution in the soil. This work has involved 
a large number of aluminum determinations. A report will be pub- 
lished later. 

Work on Methods of Analysis and on Miscellaneous Samples.— 
In addition to making a large number of nitrogen determinations, 
which come as a part of the nitrogen availability work, Mr. Prince 
has again served as associate referee on nitrogen for the Association 
of Official Agricultural Chemists and has made some contribution 
te the work on methods of analysis. 

Lime-requirement determinations have been made on a large 
number of samples and a number of miscellaneous samples have 
been identified. Also some miscellaneous work has been done for . 
other departments. 


PUBLICATIONS 


The duties having to do with publicity and publications in 
both research and extension are consolidated in the department of 
publications. The activities for the fiscal year 1925-26 are classified 
under the two divisions indicated. 


Research 


The department has served the research program of the insti- 
tution mainly through the regular Experiment Station publications. 
A list for the year is appended. These publications have attained a 
wide circulation. There are now 17,000 addresses on the mailing 
list. In addition to the mailing list circulation the department dis- 
tributed large numbers in response to special requests. During the 
period from March 16 to April 30, when a record was kept, 691 
publications per day on the average were mailed from the depart- 
ment in response to special requests and for distribution through 
county agricultural agents. 
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In addition to the regular university publications, the interna- 
tional journal, Soi Science, has been edited in the department. 

Most of the station bulletins, circulars, reports and also Soil 
Science have been handled by the assistant editor. 

The editor has conducted a research study in the agricultural his- 
tory of New Jersey. This will probably be published as a station 
bulletin during the next year. 

The members of the editorial staff attended the annual confer- 
ence of the American Association of Agricultural Collegé Editors 
at Raleigh, N. C., in July, 1925. A paper on county agent depart- 
ments in local newspapers was given by the associate editor, and 
a paper on the history of agricultural publications in New Jersey 
by the editor. An exhibit of New Jersey publications was entered 
in the annual exhibitions of the association. 

The department handled the publicity for the annual Field Day 
held June 16. News about the meeting was published widely 
throughout the state, and doubtless was responsible in a large degree 
for the record attendance. 

The multigraph service maintained by the department has been 
used very widely by the different departments of the institution, and 
has demonstrated its utility and economy. 


Extension 


The department of publications rendered service in extension 
instruction mainly through its publications, the regular series being 
extension bulletins and “New Jersey Agriculture.’ The depart- 
ment also issued a weekly news service of extension material to the 
press of the state, to the dailies of New York and Philadelphia, and 
to the farm papers of the East. Material thus issued has) had wide 
circulation. Observation indicates that the papers: used a larger 
proportion of publicity matter from the Experiment Station this 
year than ever before. By cooperative arrangements with the county 
agricultural agents much of this material was handled by the agents 
for their local newspapers. ‘Through the assistance of the depart- 
ment the county extension agents conducted regular columns or 
departments in 60 newspapers of the state. The department kept 
in touch with the extension agents through a publicity letter sent 
at intervals under the title “Spreading the News.” 

Special assistance has been given the Hunterdon County Board 
of Agriculture in organizing a publicity campaign for the appoint- 
ment of a county agricultural agent. 

These extension activities were largely in charge of the associate 
editor. As chairman of the Committee on Exhibits, he supervised 
the university exhibit at Agricultural Week, Trenton, in January. 
His committee also arranged a university ah at the South Jer- 
sey Exposition at Camden which opened July 1 

The fourth annual Newspaper Institute was held at the Uni- 
versity September 28 and 29, 1925. The editor was chairman of 
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the committee in charge. ‘The institute was the most successful 
ever held, from the standpoint of attendance, interest shown and 
quality of program. There were 126 regularly registered delegates 
and the total attendance was estimated at about 200. Special fea- 
tures of the institute were the competitive newspaper exhibit judged 
by Prof. Bristow Adams, of Cornell University, addresses by promi- 
nent journalists, and a New Jersey grown dinner served by the 
Home Economics Department of the College for Women. 


Publications Issued 


Bulletins 


416 Agricultural Production and Marketing in Atlantic County, N. J. W. C. 
Funk, A. G. Waller, A. R. Eldred, Henry Keller, Jr. 

417 Studies on the Biology of Sewage Disposal. The Fauna of Imhoff Tanks. 
J. B. Lackey. 

418 Shucking Oysters: One of New Jersey’s Growing Industries. Wm. H. 
Dumont. 

419 <A Study of the Chemical Factors Involved in Arsenical Injury of Fruit 
Trees. Nico Mogendorff. 

420 The Injurious Effect of Submergence on the Cranberry Plant. S. 
Wakabayashi. 

421 Nitrogen Availability Studies on Crops Harvested at Different Stages 
of Growth. G. H. Singleton. 

422 Analyses of Commercial Fertilizers, Fertilizer Supplies, and Home Mix- 
tures—1925. Charles S. Cathcart. 

423 Relation of Summer Rainfall to Mosquito Prevalence. T. J. Headlee. 

424 Analyses of Materials Sold as Insecticides and Fungicides During 1925. 
C: S: Cathcart and R. i - Wille: 

425 Bacillary White Diarrhea Control in New Jersey, 1924-25. F. R. Beau- 
dette and J. J. Black. 

426 Analyses of Commercial Fertilizers and Ground Bone, 1925, Analyses 
of Agricultural Lime. C. S. Cathcart. 

427 Studies on the Biology of Sewage Disposal. Fourth Annual Report of 
Sewage Substation for the Year ending June 30, 1925. W. Rudolfs, 
et al. 

428 Results of Seed and Legume Inoculant Inspection, 1925. J. G. Fiske. 

429 Creamery Inspection in New Jersey. Sixth Annual Report. George 
1, Ball: 

430 More Lime Needed for New Jersey Farms. A. W. Blair. 

. 431 Fertilizer Registrations for 1926. C. S. Cathcart. 

432 Spring Cauliflower in New Jersey. Howard F. Huber. 

433 Cultural Methods for Reducing Losses from Sweet-Potato Stem Rot. 
R. F. Poole. 

434 Relation of the Honey Bee to Fruit Pollination in New Jersey. Ray 
Hutson. 

435 Analyses of Commercial Feeding Stufis and Registrations for 1926. 
Cas.-Cathcart, 

436 Relation of Soil Nitrgoen to Nodule Development and Fixation of Nitro- 
gen by Certain Legumes. C. G. Giobel. 


Circulars 


178 Vegetable Plant Lice. T. J. Headlee. 

179 Insect Pests of Boxwood. Clyde C. Hamilton. 
180 1926 Spray Calendar for Apples and Quinces. | 
181 1926 Spray ‘Calendar for Peaches. 

182 1926 Spray Calendar for Plums and Cherries. 


Vol. 
Vol. 
Vol. 
Vol. 
Vol. 


Vol. 
Vol. 


Vol. 
Vol. 
Vol. 
Vol. 
Vol. 
Vol. 
Vol. 
Vol. 
Vol. 
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1926 Spray Calendar for Grapes. 

Peonies in the Garden. Charles H. Connors. 

Pansies from Seed. Charles H. Connors. 

Practical Methods of Sampling and Testing Milk, Cream and Ice Cream. 
H. C; Moore and G. I. Ball. 

The European Red Mite. Clyde C. Hamilton. 

The Eastern Tent Caterpillar. Clyde C. Hamilton. 

Better Milk from Cleaner Cows for New Jersey. H. C. Moore. 

Preparation of Bordeaux Mixutre. 

Cherry Leaf Spot. 

Potato Blights. 

Tomato Leaf Spot. 

The Melon Blights. 

Celery Blights. 

Maple Leaf Scorch. 

Horse-Chestnut Leaf Blotch. 

Special Circular of Information for Spraying for the Season of 1926. 


Extension Bulletins 


Dairy Farm Devices. J. W. Bartlett and E. R. Gross. 

Vegetables as Food. Marie C. Doermann. 

Floors—Their Finish and Care. Mrs. M. C. Bell. 

Local Leadership and the Effectiveness of Extension Work in Reaching 
Rural People. H. J. Baker and M. C. Wilson. 

Plant-Growing and Plant Growing Structures. C. H. Nissley. 

7. Septic Tank. E.. R> Gross. 

Home Demonstration Work. Marion Butters. 

Better Lawns. H. R. Cox. 

Soybeans for New Jersey. H. R. Cox. 

Canning Vegetables and Fruits for Winter. Marie C. Doermann. 


The Pruning of Young and Bearing Peach Trees in the Orchard. M. 
A. Blake. 


New Jersey Agriculture 


Hints to Poultrymen 


13, No. 10—The Problem of Maintaining Body Weight. C. S. Platt. 

13, No. 11—Producing Market Eggs of High Quality. C. S. Platt. 

13, No. 12—Ventilation for the New Jersey Poultry House. E. R. Gross. 

14, No. 1—Common Disinfectants and Their Use. F. R. Beaudette. 

14, No. 2—Selection, Care and Management of Breeding Stock. C. S. 
Platt. 

14, No. 3—Report of Egg-Laying Contests for 1924 and 1925. Martin 
Decker. 

14, No. 4—Egg Production, Monthly Costs and Receipts on New Jersey 
Poultry Farms. W. H. Allen. 

14, No. 5—Good Incubation Practices—R. R. Hannas. 

14, No. 6—Practical Control of Intestinal Worms. F. R. Beaudette. 

14, No. 7—Green Feed for Poultry. L. G. Schermerhorn. 

14, No. 8—Special Crate Fattening of Poultry. Martin Decker. 

14, No. 9—Capons in New Jersey. L. M. Black. 

9, Nos. 8, 9, 10—(Reprints.) 

10, No. 8—(Reprint.) 

11, No. 7—(Reprint.) 

12, No. 8—(Reprint.) 
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List of Available Publications, February, 1926 


Report 


1925—-Forty-Sixth Annual Report of the New Jersey State Agricultural Ex- 


periment Station and Thirty-Eighth Annual Report of the New Jersey 
Agricultural College Experiment Station. 


Extension News Service 


Through the weekly news service, 208 articles from the different depart- 


ments were distributed to the farm press, the press of the state and the 
nearby metropolitan dailies. 


246 
247 
248 


249 


250 
291 


252 


200 


Journal Series 


S. A. Waksman. What is Humus? Proceedings of the National Academy 
of Sciences, August, 1925. 

S. A. Waksman. The Soil Population. Proceedings of the National 
Academy of Sciences, August, 1925, 

j.. So Jotetand: Ein McLean, Suction Force of Soils: A Note on the 
Application of this Principle in the Study of the Soil Plant System. 
Science, December 11, 1925. 

ie Heukelekian and Selman A. Waksman. Carbon and Nitrogen Trans- 
formations in the Decomposition of Cellulose by Filamentous Fungi. 
Journal of Biological Chemistry, November, 1925. 

S. A. Waksman and C. E.. Skinner. The Microorganisms Concerned in 
the Decomposition of Cellulose in the Soil. Journal of Bacteriology. 

Willem Rudolfs, H. Heukelekian and P. J. Alwin Zeller. The Relation 
Between Ripe Sludge and Incoming Fresh Solids. Public Works, 
April, 1926. 

Jacob G. Lipman. The Mosquito in its Relation to Agricultural Progress. 
Proceedings of the Twelfth Annual Meeting of the New Jersey Mos- 
quito Extermination Association, February 5-7, 1925. 

A. L. Prince and H. W. Winsor. The Availability of Nitrogen in 
Garbage Tankage and in Urea in Comparison with Standard Materials. 
Soil Science, January, 1926. 

J. G. Lipman. 3. The Fixation of Nitrogen Under Field Conditions. 
Journal of the American Society of Agronomy, August, 1925, 

J. G. Lipman. Organic Evolution from the Point of View of the Soil 
Investigator. Scientific Monthly, September, 1925. 

FF, R. Beaudette and P. R. Edwards. The Etiology of a Canary Bird 
Epizootic. Journal of Bacteriology. 

George W. Musgrave. Correlation of Yield of Straw and Grain in 
Oats in New Jersey. Journal of the American Society of Agronomy, 
December, 1925. 

J. S. Joffe and H. C. McLean. Colloidal Behavior of Soils and Soil 
Fertility: Il. The Soil Complex Capable of Base Exchange and Soil 
Acidity. Soil Science, March, 1926. 

S. A. Waksman and Cornelia Carey. On the Use of the Silica Gel 
Plate for Demonstrating the Presence and Abundance of Cellulose- 
Decomposing Bacteria. Journal of Bacteriology. 

Selman A. Waksman. The Micro-Biological Complexes of the Soil and 
Soil Deterioration. Journal of the American Society of Agronomy, 
February, 1926. 

George W. Musgrave. A Further Note on Competition in Potatoes. 
Journal of the American Society of Agronomy, February, 1926. 

F. R. Beaudette. B. Aertrycke Infection in Canary Birds and Parrots. 
American Veterinary Medical Association, February, 1926. 

F. R. Beaudette. B. Aertrycke as the Etiological Agent in a Disease 
wnat American Veterinary Medical Association, Feb- 
ruary, : 
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Thomas J. Headlee and Carl Ilg. Some Facts Relative to the Raspberry 
Crown Borer. Journal of Economic Entomology, June, 1926. 

W.H. Martin and W. M. Peacock. Northern vs. Southern Grown Seed. 
Proceedings of the Potato Association of America, 1925, p. 23-32. 

W. H. Martin. Disinfecting Seed Potatoes by the Dry Method. Pro- 
ceedings of the Potato Association of America, 1925, p. 99-109. 

Byrley F. Driggers. The Blueberry Tip Worm (Contarima Vacinii 
Felt), A New Species of Midge Attacking Cultivated Blueberries. 
Journal of the New York Entomological Society, March, 1926. 

S. Lomanitz. A Study of Physiological Balance for Alfalfa in Solution 
Cultures. Soil Science. 

J. G. Lipman. The Relationship Between Economic and Biological Re- 
search in the Experiment Station. Journal of Farm Economics, Janu- 
ary, 1926. 

M. A. Blake. The Growth of the Fruit of the Elberta Peach From 
Blossom Bud to Maturity. Proceedings of American Society for 
Horticultural Science, 1925. 

J. H. Clark. Some Effects of Pruning on Grape Production. Proceed- 
ings of American Society for Horticultural Science, 1925. 

C. S. Beckwith. Report of the Cranberry Substation. Proceedings of 
American Cranberry Growers’ Association, 1926. 

J. M. Ginsburg and J. W. Shive. Relation Between Calcium, Nitrogen, 
and Protein Metabolism in the Soybean Plant. Soil Science. 

J. S. Joffe. Soil Chemistry in Relation to Subsoil Drainage. Special 
Publication, College of Engineering, Rutgers University. 

S. A. Waksman and R. J. Bubos. Microbiological Analysis of Soils 
as an Index of Soil Fertility: X The Catalytic Power of the Soil. 
Soil Science. 

. A. Waksman. Origin and Nature of Soil Organic Matter or Soil 
Humus: I. Introductory and Historical. Soil Science. 

S. A. Waksman. Origin and Nature of Soil Organic Matter or Soil 
Humus: II. Method of Determining Humus in the Soil. Soil 
Science. 

S. A. Waksman. Origin and Nature of Soil Organic Matter or Soil 
Humus: III. Nature of Substances Contributing to Formation of 
Humus. Soil Science. 

S. A. Waksman and F. G. Tenny. Origin and Nature of Soil Organic 
Matter or Soil Humus: IV. Decomposition of Various Ingredients 
of Straw and Alfalfa Meal by Mixed and Pure Cultures of Micro- 
organisms. Soil Science. 

S. A. Waksman. Origin and Nature of Soil Organic Matter or Soil 
Humus: V. Role of Microorganisms in Formation of Humus in 
Soil. Soil Science. : 

Ray Hutson. An Non-inflammable Fumigant for Use Against Wax- 
moth. American Bee Journal. June, 1926. 

Ray Hutson. Tongue Length and Honey Storing Ability. American Bee 

ournal, 

W. Rudolfs. Studies on the Chemical Changes During the Life Cycle 
of the Tent Caterpillar. I. Moisture and fat. Journal of New York 
Entomological Society. 

W. Rudolfs. Studies on the Chemical Changes During the Life of the 
Tent Caterpillar. II. Nitrogen and Its Relation to Moisture and Fat. 
Journal of New York Entomological Society. 

George W. Martin. Utilization of Food by Young Oysters. feat of 
Agricultural Research. 

A. L. Prince. Report on Nitrogen. Association of Official Agricultural 
Chemists, 1925. 

Willem Rudolfs et al. Optimum Reaction for Sluge Digestion. Engji- 
neering News Record. 

Willem Rudolfs. Investigation of Mosquito Problems, Carried on at the 
New Jersey Agricultural Experiment Station During the Past Year. 
Proceedings of the New Jersey Mosquito Extermination Association. 
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289 Jacob G. Lipman. Looking Backward and Forward in Mosquito Control. 
Proceedings of the New Jersey Mosquito Extermination Association. 

290 Willem Rudolfs and A. J. Fischer. Biochemical Oxygen Demand of 
Fresh Solids in the Course of Digestion and of Ripe Sludge. Public 
Works, June, 1926. 

291 J. M. Ginsburg. Effect of Moisture, Temperature and Light on the 
Decomposition of Lead Arsenate in: Sulfur-Lime Dry-Mix Spray. 
Journal of Economic Entomology. 

292 Jj. S. Joffe and H. 'C. McLean:\Colloidal) Behavior\or wsonseand a0 
Fertility: III. Cation Replacement and Saturation of Soil with Cal- 
cium. Soil Science. 

293 S. A. Waksman. Cellulose and Its Decomposition in the Soil by Micro- 
organisms. Proceedings of the International Soil Science Society. 

294 H.B. Sprague. Correlations and Yield in Bread Wheat. Journal Amert- 
can Society of Agronomy. 

295 J. G. Lipman, A. W. Blair and A. L. Prince The Effect of Lime and 
Fertilizers on the Potash Content of Soil and Crop. Proceedings of 
the International Society of Soil Science. 


Semi-Technical and Popular Papers 
A. W. Blair 


Notes on Tomato Fertilizers. Armour’s Farmers’ Almanac, 1926. 
Alfalfa with Wheat. Pennsylvania Farmer, May 1, 1926. 

Using Land Plaster. Pennsylvania Farmer, May 8, 1926. 
Chicken Manure on Corn. Pennsylvamia Farmer, May 15, 1926. 
Permanent Pasture. Pennsylvania Farmer, May 22, 1926. 

Will Grow Potatoes. Pennsylvania Farmer, May 29, 1926. 
Soybeans. Pennsylvania Farmer, June 26, 1926. 


M. A. BLAKE 


Apple Pollination Problem Should Not be Judged Hastily. New Jersey State 
Horticultural Society News, November, 1925. 

Features of Fruit Growing May be Standardized Too Much. New Jersey 
State Horticultural Socwty News, November, 1925. 

Thousands of Acres Still Available in New Jersey. New Jersey State Horti- 
cultural Society News, November, 1925. 

Apples are Injured by Severe Drought. New Jersey State Horticultural So- 
ciety News, November, 1925. 

Wm. H. Crawford Gave Us Two Fine Peaches. New Jersey State Horti- 
cultural News, December, 1925. 

Peach Varieties May Often Be Identified by Knowing Characters of the 
Flowers. New Jersey State Horticultural Society News, December, 1925. 

Nursery Row Identification of Peaches is Difficult. Nez Jersey State Horti- 
cultural Society News, February, 1926. 

Blooming is Not Hastened by Early Tillage of Soil. New Jersey State Horti- 
cultural Society News, February, 1926. 

Stayman Apple Must be Kept Growing Well to do Best. New Jersey State 
Horticultural Society News, February, 1926. . 

Do You Know How Fast Peach Trees Should Grow in Early June? New 
Jersey State Horticultural Society News, May, 1926. 

What are Right Dimensions for Georgia Peach Crates. New Jersey State 
Horticultural Society News, May, 1926. 


HERMINIE R. BroepEL 


Grow Arbutus in Your Own Garden. Gardeners’ Chronicle, May, 1926. 
rack ie Glass Houses Will Never Grow Strong. Rural New-Yorker, May 
5, 1926. 
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C. H. Connors 


Staking Dahlias. New Jersey Dahlia News, January, 1926. 

Tuber Production in the Dahlia. New Jersey Dahlia News, January, 1926. 

Report of the Superintendent of the Trial Garden of the Dahlia Society of 
New Jersey. New Jersey Dahlia News, January, 1926. 

The Show of the New England Dahlia Society. New Jersey Dahlia News, 
January, 1926. 

Selecting Dahlia Seedlings. New Jersey Dahlia News, April, 1926. 

“Runting” of Dahlias. New Jersey Dahlia News, April, 1926. 


Rocer W. DEBAuN 


Circumventing” Stem Rot. Country Gentleman, May, 1926. 
Fertilizing Sweet Potatoes. Country Gentleman, May, 1926. 


ARTHUR J. FARLEY 
Promising New Varieties of Fruit. Rural New-Yorker, February, 1926. 
Report of New Varieties of Fruit. Proceedings of the N. J. State Horticul- 
tural Society, 1925. 
Spray Injury. Proceedings of the Maryland Horticultural Society, 1926. 


E. R. Gross 


Garden Tractor Demonstration in New Jersey Agricultural Experiment Station. 
Market Growers’ Journal, June 22, 1926. 


Ray Hutson 


The Year’s Work in Bee Husbandry at the Experiment Station. Proceedings 
of the New Jersey Beekeepers’ Association, 1925. 


Tuomas J. HEADLEE 


The Japanese Beetle in Relation to the State of Delaware. Tyransactions of the 
Peninsula Horticultural Society, 1925, p. 56-58. 

The Codling Moth Situation in New Jersey. Proceedings of the N. J. State 
Horticultural Society, 1925, p. 97-102. 

Substantial Accomplishment in New Jersey Mosquito Control. Proceedings 
of the Thirteenth Annual Meeting, New Jersey Mosquito Extermination 
Association, 1926, p. 20-26. (Reprinted as Station Bulletin 437.) 


Jacos S. JOFFE 
Regular (almost weekly) contributions under a title “Popular Science Talks” 
in the Jewish American, a New York City weekly published in Yiddish. 
Contributions dealing chiefly with scientific events, with special reference to 
agriculture, to the Jewish Morning Journal, New York City. 


D. B. Lucas 
Garden Tractors. Market Growers’ Journal, Aprtl 27, 1926. 


Jacos G. LIPMAN 

What New Forms of Fertilizer are Manufacturers Likely to Put on the 
Market by Taking Nitrogen from the Air? Pennsylvania Farmer, Novem- 
ber: 7, 1925. 

How Does Sulphate of Ammonia Compare with Nitrate of Soda as a Top 
Dressing? Pennsylvania Farmer, November 21, 1925. 

To What Extent is Chlorine Objectionable in Fertilizers? Pennsylvania 
Farmer, November 28, 1925. 

Will Government or Private Operation of Muscle Shoals Reduce the Price of 
Fertilizers? Pennsylvania Farmer, December 5, 1925. 

How Does Ground Oyster Shell Compare with Hydrated Lime? Pennsylvania 
Farmer, December 12, 1925. 

Does Manure Lose Much of its Value if Broadcast During the Fall and 
Winter Months? Pennsylvania Farmer, December 26, 1925. 

Is It Necessary to Use Lime on Land That is Producing Good Crops of 
Clover? Pennsylvania Farmer, January 9, 1926. 

Is It Necessary to Replace in Fertilizers All of the Plant-food Removed by 
the Crops? Pennsylvania Farmer, January 16, 1926. 
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Are We Using Too Much Phosphoric Acid in Our Fertilizers? Pennsylvania 
Farmer, January 23,1926: 

What Advantage Would a Farmer Gain in Having His Soil Analyzed? 
Pennsylvama Farmer, February 6, 1926. 

How is Commercial Fertilizer Used in Europe? Pennsylvania Farmer, Feb- 
Fuary 13. 1926, 

What Progress is Being Made in the Use ‘of Concentrated Fertilizers? 
Pennsylvania Farmer, February 20, 1926. 

Fertilizer Prospects for i926. The Use of Concentrated Material in Boag 
Fertilizer. Proceedings of the New Jersey Potato Association, January, 
1926. 

Significance of the International Study of Soils. Better Crops,°October, 1925. 

Soil Life. Chapter in “Chemistry in Agriculture,’ published by The Chemi- 
cal Foundation. Edited by Dr. Joseph S. Chamberlain, 1926. 


W. H. Martin 


Apple Scab Studies in 1925. Proceedings of the N. J. State Horticultural 
Society, 1925. 
Results of Potato Investigations in 1925. N. J. State Department of Agri- 
culture, Bul. 47. . 
Report of the Seed Potato Certification Committee. Proceedings, Twelfth 
Annual Meeting, Potato Association of America, 1925, p. 147-157. 

Early Cutting Reduces Vigor of Seed. Michigan Potato Growers’ Exchange, 
Vol. 6, No. 7. 

Potato Spraying in 1925. Hints to Potato Growers, Vol. 6, No. 5. 

Potatoes. Armour Fertilizer Co. Almanac, 1926. 

Seed Source and Variety Test Plots in 1925. Hints to Potato Growers, Vol. 
6, No. 6. 

Certified Seed Test. Hints to Potato Growers, Vol. 6, No. 4. 

Changes in the Potato Industry Since 1922. Hints to Potato Growers, Vol. 
6, No. 1. 

Potato Experiments in 1926. Hints to Potato Growers, Vol. 6, No. 12. 

Wiad in the Certification Rules for 1926. Hints to Potato Growers, Vol. 

Dili: 
Tests With Concentrated Fertilizers in 1925. Hints to Potato Growers, Vol. 


N 

Pepe T. C. NELson 

New Jersey Hall and its Biologists. Rutgers Alumni Monthly, October, 1925. 
Louis A. STEARNS 


Codling Moth Investigations in Virginia (in conjunction with W. S. Hough, 
C. R. Willey and L. R. Cagle). Va. Agr. Exp. Sta. Bul. 248, April, 1926, 


oy 
ey re ALLEN G. WALLER 


Comparative Costs of Producing Eggs Throughout the United States. Vcear- 
book of the New Jersey State Poultry Association, 1925. 

Potato Farms in New Jersey. Hints to Potato Growers, February, 1926. 

: CarL~ R. WooDWARD 

The Run-Down Apple Orchard. Pennsylvania Farmer, February 27, 1926 

Top-Dressing Pays Good Returns. Pennsylvania Farmer, March 27, 1926. 

Artificially Heated Hotbeds. Farm Journal, February, 1926. 

Meee Need Nitrogen—How Much? American Agriculturist, February 20, 

es Noe More Cranberries. American Fruit Grower Magazine, Novem- 
er, : 

Can Fertilizers and Cover Crops Replace Manure on Truck Farms? Market 
Growers’ Journal, September 1, 1925. 

Nitrogen Needs of Apples. Country Gentleman, December, 1925. 

aoe tee of the History of Agricultural Publications. A C E, Novem- 
er 

Nitrogen Improves Yield and Quality of Raspberries. American Agriculturist, 
February 13, 1926. 
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STAFF CHANGES 
Appointments 


Clarence N. Henderson, Junior Clerk. 

Carl D. Jones, Microbiologist. 

Arthur L. Stahl, Laboratory Assistant. 

Evangline L. Bodine, Junior Clerk-Stenographer. 

Richard Huizing, Mosquito Inspector. 

Harold C. Stevens, Insectary Assistant. 

Richard E. Moody, Field Assistant. 

Thurlow C. Nelson, Biologist and Oyster Research Specialist. 
George Martin, Botanist. 

Louisa M. Clickner, Junior Clerk. 

Willard H. Allen, Acting Poultry Husbandman. 

Conrad Webhrfritz, Janitor. 

Lillian Rosson, Clerk-Stenographer. 

John S. Rozanski, Poultryman’s Helper. 

Adella Davis, Junior Clerk-Stenographer. 

Elsie Waddington, Seed Tester. 

Daggmar Peterson, Research Zoologist. 

Gabriel Kady, Farm Hand. 

Charles Chupp, Assistant Plant Pathologist. 

Gertrude A. Gleason, Junior Clerk-Stenographer. 

Evelyn N. Rooney, Junior Clerk-Stenographer. 

Mildred B. Murphy, Home Demonstration Agent at Large. 
Leslie M. Black, Assistant Extension Specialist in Poultry Husbandry. 
Walter C. Russell, Biochemist. 

Alvaro B. Fagundes, Research Assistant in Soil Fertility. 
Howard F. Huber, Assistant Director of Research. 
Edward E. Evaul, Research Assistant in Agronomy. 
Herbert W. Reuszer, Research Specialist in Agronomy. 
Theodore J. Frizzell, Research Assistant. 

Warren W. Wagner, Dairyman’s Helper. 

Sidney S. Frizzell. Dairyman’s Helper. 

Claude L. Frantz, Dairyman’s Helper. 

Fred Gauntt, Head Dairyman. 

Isaac J. Paulding, Dairyman’s Helper. 

Dorothy Schoenbrunn, Junior Clerk-Stenographer. 

Morell B. Austin, Dairyman’s Helper. 

Vernon L. Hurff, Dairyman’s Helper. 

Everett W. Hitchings, Dairyman’s Helper. 

Herbert J. Harriet, Dairyman’s Helper. 

Edgar G. Richards, Dairyman’s Helper. 

Lee R. Cunningham, Dairyman’s Helper. 

Joseph Seiler, Assistant Instructor. 

Harold P. Ellison, Farm Hand. 

Harold McCumsey, Farm Hand. 

Arnold F. Stout, Foreman Field Crops. 

John Sigle, Farm Hand. 

Edward Stokes, Carpenter and Painter. 

Eleanor R. Suydam, Junior Clerk-Stenographer. 

Gordon T. Nightingale, Research Specialist in Horticulture. 
Malcolm A. Adams, Farm Hand. 

John Anderson, Farm Hand. 

Russell G. Breece, Farm Hand. 

Samuel Adams, Farm Hand. 

James A. Beatty, Assistant Foreman, Egg Laying Contest. 
Alois C. Schlott, Foreman, Egg Laying Contest. 

Janet G. Banks, Home Demonstration Agent, Gloucester County 
William G. Frisbie, Club Leader. 
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Margaret C. Shepard, Home Demonstration Agent, Essex County. 
Margaret Miller, Clerk-Stenographer. 
Albert S. Barnhart, County Agricultural Agent at Large. 


Resignations 


Frederick A. Fall, Assistant to Director. 
Donald W. Baker, Head Dairyman. 

Howard F. Huber, Assistant Olericulturist. 
Milton R. Stalker, Clerk. 

Carl D. Jones, Microbiologist. 

Bonnie R. Fudge, Laboratory Assistant. 

George Martin, Botanist. © 

George W. Hervey, Poultry Research Specialist. 
Forrest H. Clickner, Assistant Poultry Specialist. 
Theresa Sheehan, Junior Clerk-Stenographer. 
Margaret Runyon, Clerk-Stenographer. 

George Place, Poultryman’s Helper. 

Louisa M. Clickner, Junior Clerk. 

Edith Werner, Clerk-Stenographer. 

Herbert D. Trowbridge, Student Janitor. 
Myrtle Cody, Clerk-Stenographer. 

Arthur J. Packard, Farm Hand. 

Hazel N. Rupert, Clerk-Stenographer. 

Morell B. Austin, Dairyman’s Helper. 

Andrew MacIntyre, Dairyman’s Helper. 

Bernard Hale, Dairyman’s Helper. 

George C. Denzer, Dairyman’s Helper. 

Warren. W. Wagner, Dairyman’s Helper. 

Sidney S. Frizzell, Dairyman’s Helper. 

Claude L. Frantz, Dairyman’s Helper. 

Isaac J. Paulding, Dairyman’s Helper. 

Vernon L. Hurff, Dairyman’s Helper. 

Herbert J. Harriet, Dairyman’s Helper. 

Joseph Seiler, Assistant Instructor. 

Joseph Leppert, Farm Hand. 

Samuel Johnson, Farm Hand. 

Walter Jefferies, Farm Hand. 

Harold P. Ellison, Farm Hand. 

John Prungel, Farm Hand. 

Malcolm H. Adams, Farm Hand. 

Harold C. Stevens, Insectary Assistant. 

Richard E. Moody, Field Assistant. 

Thurlow C. Nelson, Biologist and Oyster Research Specialist. 
Thomas C. Rogers, Research Assistant. 

Julius Poesek, Farm Hand. 

H. M. Biekart, Florist. 

Robert F. Poole, Assistant Plant Pathologist. 
Henry L. Macon, Instructor. 

Anna G. Conlon, Clerk-Stenographer. 

Edith Deere, Clerk-Stenographer. 

James A. Beatty, Assistant Foreman Egg Laying Contest. 
K. Evelyn Sly, Home Demonstration Agent, Essex County. 


Leave of Absence 


George W. Musgrave, Agronomist. 


Report of the Department of Agricultural Biochemistry 


WALTER C. RUSSELL - 


The department of agricultural biochemistry was organized in 
October, 1925, for the purpose of doing research work on projects 
in the field of human nutrition and of cooperating with other de- 
partments at the Experiment Station on problems of the nutrition 
of farm animals. 

A laboratory was equipped and a colony of albino rats started 
for use in animal experimentation and in the biological analysis of 
foods. The breeding animals used in starting the colony were ob- 
tained from the Wistar Institute of Anatomy and Biology, Phila- 
delphia, Pa., and are known as the Wistar Strain. A chemical labora- 
tory was organized for control and research work on the chemical 
phases of agricultural biochemistry. especially in the field of nutri- 
tion. 

Preliminary tests of food materials te be used in the preparation 
of the basal rations required for vitamin studies, were made with 
groups of albino rats. Research work of a fundamental nature was 
begun to determine the influence of the conditions of growth, par- 
ticularly soil composition and treatment, on the nutritive value of 
various food crops, with special reference to the vitamin and ash 
content. An attempt will be made to correlate the data concerning 
the vitamin content of food plants with those on the soil composi- 
tion and treatment, with the idea of learning something of the fun- 
damental nature of vitamins. At the present time the vitamin B 
content of two varieties of wheat, Dawson’s Golden Chaff and Red 
Rock, is being studied. The formal statements of the projects on 
which work has been started are as follows: 

Project 1—The Influence of Soil Composition and Treatment on the 
Vitamin Content of Food Plants, 

Project 2—The Influence of Soil Composition and Treatment on the 
Ash Content of Food Plants. 

The Cel-O-Glass Fellowship was established as a temporary in- 
dustrial fellowship by Cello Products, Inc., with a stipend of $1,200. 
Mr. O N. Massengale has accepted the appointment as fellow for 
the year, beginning July 1, 1926. A tentative statement of the proj- 
ect to be studied is (Project 3) A Study of the Influence of Ultra- 
vielet Light on Animal and Plant Life and the Value of Cel-O-Glass 
as a Medium for the Passage of this Radiation. 

Cooperation was given to other departments of the Experiment 
Station in the following joint projects: 

(a) With the Department of Dairy Husbandry— 
Effects of Ultraviolet Irradiation and Green Feed on the Calcium 
and Phosphorous Content of the Blood and Milk of Cows on an 
Adequate Diet but Protected from Direct Sunlight (Dairy 
Project No. 23), 

(b) With the Department of Animal Husbandry— 


The Effect of Feeding Nitrogenous Foods on the Nitrogen Con- 
tent of the Shoulder, Side, and Ham of the Hog. 
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Report of the Department of Agricultural Economics 


ALLEN G. WALLER 


The writer returned to the Experiment Station on July 1, 1925, 
to take charge of the research work in the department of agricul- 
tural economics under a cooperative agreement with the Bureau of 
Agricultural Economics, United States Department of Agriculture. 
The work for the year has been to organize research for the devel- 
opment of a sound and active agricultural program. This has meant 
the establishment of commodity and subject matter committees ap- 
pointed by the chairman of the Steering Committee, Director H. J. 
Baker. The Steering Committee is composed of Director Baker, 
Director Lipman; W. B. Duryee, Secretary of Agriculture, and 
Allen G. Waller, as secretary. The cooperating agencies are the 
Agricultural Experiment Station, College of Agriculture, Extension 
Division, State Department of Agriculture, United States Depart- 
ment of Agriculture, and the State Federation of County Boards of 
Agriculture. 

The commodity and subject matter committees appointed were 
as follows: 


Animal Husbandry Committee.... Chairman F. G. Helyar 


GropssCommittee? ys feo rac. 8.8 Ak Chairman G. W. Musgrave 
Pate GOmmilttGGuats. vos omic Chairman J. W. Bartlett 
Land Utilization Committee.......Chairman A. W. Blair 
Marketing and Transportation 
Inittees Or in eto eas Chairman Henry Keller, Jr. 

Pomicys(comimittee 7.0. can es Chairman W. H. Allen 
PULP OMMILCGs ain cas 3 ode ks cele s Chairman M. A. Blake 
Vegetable Committee ............ Chairman L. G. Schermerhorn 
White Potato Committee......... Chairman W. H. Martin 

Siatistician fo ally committees. se. staves H. B. Weiss 

Secretary to all committees.............Allen G. Waller 


The chairmen of these committees have associated with them 
certain designated members of the staff from the Experiment Sta- 
tion, the State Department of Agriculture, and the Extension Divi- 
sion of the College of Agriculture. These committees all met during 
the month of September, 1925, and agreed on the information that 
should be obtained in order to make up a sound agricultural pro- 
gram for the state. They have already obtained a considerable 
amount of the data necessary. 
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To date the following farm management records have been 
taken: | 


farms 

Poultry recofds \..ic asa Opee ee ele ie ko ee 120 
Gloucester County ie TECOLRS ck ob cues het 50 
Cumberland and Salem County dairy records........... 40 
Burlington’: County dairy records. : 6. 0... ee 48 
Mercer ‘County general records..0').:. 0: 0.00 eee 29 
Susséx “County dairy récordss. seat 2u.. 4... 22 eee 3 
Monmouth. County. potato: reeords we, 2.5... o.(t aught 48 
Monmouth County dairy, truck and general records..... 35 
Miscellaneous :. cu. «'s scoot oie phe SRR GS c's os p 2 3 
Total Peas Peo Ree ae ihe eh a 404 


These records have not been completely tabulated, but prelimi- 
nary reports have been made on the potato and poultry farm rec- 
ords. Most of these surveys have been made in areas that were 
surveyed about ten years ago and the changes in farm business on 
the same farms are being analyzed. 


The preliminary reports on poultry and potato farms follow: 


POTATO FARMS IN NEW JERSEY 


During the past five years, the potato acreage in the state has 
been reduced about one-third. This reduction has been due to 
lower profits and even losses which were resulting from the in- 
creased competition on our markets, from growing the crop where 
conditions were not suitable, from growing the wrong variety, from 
lack of grading standards, and from other factors. These points 
were all brought out in the joint report made three years ago by the 
State Federation of County Boards, the College of Agriculture, and 
the Experiment Station, and the State Department of Agriculture. 
The conditions facing the potato growers were clearly stated at 
that time, and developments since then have proved their correct- 
ness. 

Practical Value of Economic Information 


That report was a fine example of economic information pre- 
sented to an agricultural industry that could be used as a guide for 
individual action. The nearly complete change in variety grown, 
the reduction in acreage, the steps toward a better standardized 
product, the increased use of certified seed, and the adoption of 
spraying in certain communities have all had a part in the adjust- 
ment of New Jersey’s potato areas, in the effort to place the potato 
business on a profitable basis once more. 

In 1915, when the potato industry was booming and the acreage 
was still on the increase, farm business records were obtained from 
370 farms in Central Jersey. Last year records were obtained from 
48 of the more successful farms studied in 1915. Table 1 shows 
what these 48 farms did in 1924 as compared with 1914. These 
records show what changes have taken place on these particular 
farms in the last ten years to meet the changing economic conditions. 


~ 
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They also present a comparison of expenses and income for the 
two years. 


Increased Acreage of Truck Crops 


In 1924, ten of the 48 farms had a larger farm income than 
1914, but the average of the 48 was about 45 per cent less than the 
average of ten years ago. It should be stated, however, that the 
price of potatoes on the New York market in 1924 was the lowest 
since 1915. The average acreage of individual crops per farm had 
not changed materially, with the exception that truck crops had 
increased from 1.1 acres to 6 acres as an average. The average 
acreage of potatoes per farm had only slightly decreased—from 33.4 
acres in 1914 to 29 in 1924—-while the corn and winter grain acre- 
age was practically the same. Hay was slightly decreased and fruit 
showed a slight increase. 


Expenses Nearly Double 


Total expenses per farm had increased 73 per cent, the largest 
amount of this increase being represented by a labor cost which had 
nearly doubled; the price of seed potatoes increased 53 per cent; 
@rneresced, L0G. per cent; fertilizer, 22 per cent; taxes, 1838, per 
cent; miscellaneous expenses, 120 per cent. Livestock receipts had 
increased 86 per cent, although the number of cows had decreased 
slightly ; the number of sows decreased 48 per cent; while poultry 
increased 10 per cent. 


Kinds of Changes 


Averages, of course, do not tell the whole story, because of the 
difference in amount of change in the individual farms. For in- 
stance, on nine of the ten farms that had larger incomes in 1924 
than 1914, the principal crop and livestock organization changes 
were as follows: 


Farm 1. Slightly greater acreage of potatoes in 1924, other crops and live- 
stock about the same. 

Farm 2. Heavy increase in truck crops, 50 per cent cut in potatoes, live- 
stock about the same. 

Farm 3. Increase in truck crops, potatoes about the same, increase in poultry. 

Farm 4. Increase in potato and apple acreage, livestock the same, roadside 
market. 

Farm 5. Large increase in fruit and drop in potatoes. 

Farm 6. Large increase in livestock and 33 acres of potatoes reduced to 21. 

Farm 7. Large fruit increase. 

Farm 8. About the same acreage of the different crops, greater livestock 
receipts and evidently greater care in expenditures as labor costs 
were not proportionately greater, and feed costs were less. 

Farm 9, Nineteen acres of truck crops taking place of hay and rye. 


In some cases, no doubt, labor efficiency has increased, and there 
are many other factors that should be considered. It will be seen 
that these farms have made various kinds of adjustments in the 
efforts to meet changing conditions. The tendency toward truck 
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crops will probably increase. As shown in table 1, the average acre- 
age of truck crops has increased considerably, and this tendency 
will probably continue. It should also be noted that in 1914 only 
12 of these farms were growing any truck crops for sale; whereas 
in 1924, 25 of them were in the truck business, with 1 farm having 
as high as 63 per cent of its acreage in truck crops. 


“LABEBS TL 


Comparison of Business on 48 Farms in Central Jersey for the 
Years 1914 and 1924 


| AVERAGECROP | AVERAGE RECEIPTS 
CROPS | ACRES PER FARM | PER FARM 

| 1914 1924 | 1914 | 1924 
Corte J ishe eae ta eee pe &, cee isis $130.27 | $169.38 
Potatces:) 252i FO 33.4 29.1 4,134.13 | 3,274.50 
Wiig, SS rasta ih ook ae ee hee ee 12.9 13.0 269.91 | 300.00 
FLA: |. scr coree Gh bese Se Le 20.1 16.0 285,255) 260.27 
Truck (Crops sy vsti oe 6 kan are: ea! opi 58.96 | 602.77 
Free sb ruits \ ioe. ee a eed 4.2 4 150.40 | 687.84 
Miseellaneous. crops J ats. dha 1.0 “oe 24.50 | Bo74 

eee MEMmenerORUIE (Fe 2. 3S 

Average Crop Acres per Farm.... 6.6 83.5 | 
Average Receipts per Farm........ $5,053.42 | $5,393.88 
Average Livestock Receipts ....... 599.90 | 1,116.48 
Average Miscellaneous Receipts.... 43.91 | 40.64 
Average Total Receipts per Farm.. | $5,697.23 $6,551.06 


AVERAGE 
EXPENSES | GE PER FARM 


1914 | 1924 
Labor yjioi'\ SU ae sine 6A See Sena net ets $970.79 | $1,766.23 
Repairs, Buildmg*and: Machitiery 3/0)... phere te 126.42 | 195.98 
Freeth to c5 5 cis av Sache See aie teld ole ei chek gc 99.25 | 269.33 
Horseshoeing: 5") «scaly canbe ake bie pic Oe meena aes 28.51, 19.75 
Seed” Potatoes! i... van di oo key ie cer a eeaennm ane terre eh Mes — 539.85 
Other Seed eri es swat Aen es Se eee 131.81 271.29 
Fertilizer: i adasie adaleas oth Gan bee as 862.46 1,056.21 
Piel and Oils... Ait ak a 2 eee te ae 2.42 95.29 
TAStFANCe: 15. 5u cedhlidea BR dete Le ee ees 39.08 88.44 
SABES sca acchs. fy Ciel aeese Ste eae honed Cae Aa ea anak 131.56 377.73 
Other: Hpenses iaen\s sqm, ae: AEG cana hee 158.06. | 349.25 
Averace: Lotal Expenses perMarm..c6 ess noe a eet | $2903.89 903.89 - | $5,020.35 029.35 
Averaze Earm, Income per) Farmed.) ec ol watenee ice $2,703.34 793.34 | $1,521.65 521.65 


Nine Successive Years on One Farm 


Records available from one successful potato farm for nine con- 
secutive years, 1916 to 1924, inclusive, show that 76 per cent of 
its total net farm income and 90 per cent of the total labor income 
for the 9-year period, was obtained in the first five years, 1916 to 
1920, inclusive. In other words, this particular farmer during the 
4-year period, 1921 to 1924, inclusive, received for his own labor, 


et 


EXPERIMENT STATION REPORT 67 


less than the going wages of the hired man. This farm increased 
its potato acreage more than double from 1916 to 1920, and since 
has gradually decreased to approximately a 60 per cent larger acre- 
age than in 1916. Its income was lowest in 1922; it has since grad- 
ually increased, but has not yet reached that of earlier years. 

A study is now being made of the different farming sections in 
New Jersey to determine the most profitable farm organization of 
crops and livestock for any particular section. This study, which 
will also include markets, competition, varieties, and methods of 
production, ought to be the basis for a sound agricultural program 
for New Jersey. 


POULTRY FARMS IN NEW JERSEY 


The poultry industry in New Jersey has been growing steadily 
in recent years. Location, market, climate, and soil all play a part 
in this development. Large centers specializing in egg production 
have developed around the Vineland, Hammonton, Dorothy, Tom’s 
River and Lakewood sections, and specialized poultry plants may 
be found in practically every county of the state. The capon indus- 
try also seems to be growing with probably its largest development 
in Burlington County, where it is a profitable sideline on a large 
number of dairy and general farms. Farm flocks have taken a 
definite place in the business of many farms in the general farming 
and dairy sections of the state. 

The 1920 census showed that the state had 2,534,371 birds, and 
of these about one-fourth were in Hunterdon and Cumberland 
counties. The preliminary 1925 census reports that on January 1, 
1925, New Jersey farms had over four million birds (4,113,622), 
or an increase of 62 per cent, and the number of eggs produced had 
more than doubled in the same reports. 

In 1921 the State Department of Agriculture estimated that 
from one-fifth to one-sixth of the poultry in this state was on com- 
mercial poultry farms. During this past winter, a farm business 
record was obtained from 120 commercial poultry plants and the 
following paragraphs are a preliminary report of these records. 
These farms were well distributed about the state and give a cross- 


section of the business, covering the year November 1, 1924, to 
November 1, 1925. 


Farm Income, Labor Income, and Capital 


The average net farm income was $2,057, and this, after allow- 
ing 5 per cent on investment, which averaged $14,477, left $1,333 
for the operator’s work, or labor income. Nine years ago a similar 
survey of 150 poultry farms showed an average net farm income 
of $1,092, and an average investment of $7,243, with a labor income 
of $730. Compared to the poultry year 1915-16, the average amount 
of capital necessary on the poultry farms has doubled and the farm 
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income and labor income have not quite doubled, but nearly so. 
Apparently, the poultry farms of New Jersey have fully held their 
own with other types of farming. 


Size of Flocks 


The flocks of these 120 farms averaged larger than those of 
the 150 farms nine years ago. On November 1, 1924, the average 
flock was 379 hens and 657 pullets, or a total of 1,036 birds. In 
the old survey the average was 737 birds. ‘The labor income per 
bird in 1915-16 was about $1, whereas last year it was a trifle over 
$1.25. These 120 farms are carrying this year an average flock of 
1,229, or an increase of over 18 @peqicent. 


Production per Bird 


Good egg production is essential for profits. The average pro- 
duction per bird (November, 1924, to November, 1925) was 113 
eggs, and in the previous survey it was 109. This is figured on the 
number of birds in the flock at the beginning of the poultry year, 
November 1. Four farms with an egg production of less than 60 
got no labor income. Of thirteen farms with a production of 60 
to 80 eggs, only three received any labor income. In other words, 
one-seventh of the flocks had an average production of less than 
80 eggs per bird, and only three of these flocks gave their owner 
any pay for his year’s work. 


Prices 


The average price received for eggs was $0.478 per dozen, 
making egg sales per hen amount to $4.50. This compares with 
the average price of $0.34 per dozen and egg sales of $2.90 per hen 
nine years ago. Egg sales on these 120 farms were 75.6 per cent 
of all farm receipts. 

Sales of broilers and fowls averaged $785 per farm, or over 
12 per cent of all receipts. Sales of baby chicks and pullets ac- 
counted for about 5 per cent of all receipts. Twenty-seven farms 
were selling some baby chicks and 14 were selling pullets. On 
the other hand, 48 farms, or 2 out of every 5, were purchasing some 
baby chicks, and 7 farms were buying some pullets. 


Lights 


Over 80 per cent, or 98 of the 120 commercial plants were using 
artificial lights; 62 were using them in the morning, 23 in the 
evening, and 13 both morning and evening. 


Size of Farm 


The average size of the farms was 24.5 acres, with 7.5 acres 
in crops. This is somewhat larger than the farms of nine years 
ago that averaged 11.6 acres per farm and 4.6 acres in crops. The 
commercial poultry farms in New Jersey are essentially one-man 
owned and operated farms. The average cost of hired labor on 
the 120 farms was $435. Of the 120 farms, however, only 69 
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hired any labor, and of these 69, 47 were hiring labor regularly, 
while 22 employed extra labor only at certain times of the year. 
Heavy Production Pays 


A glance at the following data shows that farms averaging over 
140 eggs a year are most likely to succeed: 


Mes sRINAR OUR MISC PATIS fs. o.0%5. 0 0.0 No plus labor income. 
61 to 80, ASSETS |. cs 55 see Only 3 plus labor incomes. 
81 to 100, CSS A Vag 10s gs 16 plus labor incomes. 
101 to 120, eT ALIS eo..°. o saws 32 plus labor incomes. 
121 to 140, SOTOIEINS (ay lees 24 plus labor incomes. 
Over 140, PORT aring yy. 8. ace 18 plus labor incomes. 


ALFALFA WORK 


During August, 1925, a trip was made to Chicago and Wiscon- 
sin with H. W. Jeffers from the Walker-Gordon Farms, to inves- 
tigate the possibilities of artificially curing alfalfa and forage. In- 
formation was obtained and data were assembled for a report, 
which was presented at a committee meeting at Philadelphia in 
January, 1926. Some time during June was spent in investigating 
large tracts of land suitable for the economical production of alfalfa. 
Arrangements are being made for a detailed study of the alfalfa 
drying plant now in course of construction on the Walker-Gordon 
Farms at Plainsboro. This study will include all costs, the value of 
the artificially cured alfalfa from the nutrition standpoint, and the 
possibilities of such an innovation as an economic part of our agri- 
culture. 


CALF RAISING 


During the winter of 1925 and 1926 a committee was appointed 
to study the practicability of raising calves in New Jersey for re- 
placements in our dairy herds instead of purchasing large numbers 
of animals from other states. This committee was composed of 
members representing the Experiment Station (department of 
agricultural economics and dairy husbandry), the Extension Divi- 
sion of the College of Agriculture, and individual dairymen. Meet- 
ings were held at New Brunswick, Plainsboro, Somerville, and New 
York City. Considerable data were gathered and the project may 
be tried this coming year. 


TRANSPORTATION SURVEY 


Transportation surveys, as a part of the necessary information 
for our agricultural program, were made by the State Department 
of Agriculture under Mr. Weiss’ direction. These surveys included 
Burlington County, Hammonton area in Atlantic County, Gloucester 
County, and Monmouth County. They show the growing impor- 
tance of the truck as a means of transporting farm products in 
New Jersey and some of the effects on the farm organization on 
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the individual farms. The details of these studies will be printed 
from the State Department of Agriculture. 


PEACH STUDY 


A bulletin’, covering costs of producing peaches in New Jersey 
and some facts on the marketing of the crop, is now ready for the 
printer. 


COST OF PRODUCING CANHOUSE TOMATOES 


At the request of the New Jersey State Federation of County 
Boards of Agriculture, information was furnished on the cost of 
producing canhouse tomatoes. The figures in bulletin 353 were 


brought up to date, and table 2 gives a summary for the years 
1914- to 1925, inclusive: 


Tasie 2 
Cost of Producing Can-House Tomatoes in New Jersey 


YEAR COST PER ACRE |YIELD PER ACRE| COST PER TON 


| tons | 
1 ky Uk as as $61.11 | 4:85 | $12.60 
LS: CARR MMe LIE Sn eel S Pero 133.56 6.37 | 20.96 
TO ete LUA Os lade Se eee 118.41 2.09 | 56.56 
BOD Oei rie: saxty: Saaeeeaen Heer ae ae 135.62 6.07 22.34 
Avg. (1918, 1919, 1920)..... 12405 6 vend aS |. eee 
PO at ce Meee ree 105.45 | 4.85 | 21.74 
MOLAR hee) aa ee ae 119.53 5.00 | 23.91 
TODS Se, Bare ne ete cn ase 131.69 | 7.00 18.81 


COST OF PRODUCING EGGS 


At the request of the State Poultry Association, figures were 
assembled on poultry costs form different sections of the country 
and presented at the State Poultry Convention in Atlantic City, 
October 9, 1925. The material was all printed in the 1925 Year- 
book and report of the annual convention of the New Jersey State 
Poultry Association. 


MONTHLY ECONOMIC REVIEW OF NEW JERSEY 
AGRICULTURE 


On the fifteenth of each month the department issues a sum- 
mary of the economic conditions affecting agriculture with special 
reference to New Jersey agriculture. This publication is printed 
by the Extension Division and is mailed to members of the Division 
and to a number of individual farmers. There have also been a 
number of requests for this publication from other than New Jer- 
sey people. Judged from comments received and requests to be 
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placed on the mailing list, it has evidently become a serviceable 
publication. 


STUDY OF MILK DISTRIBUTION 


On February 1 to 5, Professor Keller, accompanied by county 
agents Ellwood Douglass, Douglas Evans, and Charles Thompson ; 
dairy specialist E. J. Perry, of the Extension Division, and Paul B. 
Bennetch, of the State Department of Agriculture, made a trip 
through Massachusetts for the purpose of studying the farmer- 
owned milk distributing plants. 

Six of these plants were studied and a great deal of useful in- 
formation as to methods and relative success was obtained. State 
leader of county agents in Massachusetts, Mr. Parker, rendered 
very material assistance in arranging the trip to the different plants. 


PLANS FOR THE YEAR 1926-1927 


The work for the coming year will be largely on the agricultural 
program project. This will include some research on marketing, 
the field work in securing farm management records, and the as- 
sembling of the material already gathered. There will be a number 
of publications on the agricultural program after the material is 
analyzed, after the committees have agreed, and after groups of 
farmers have discussed the question. 


Report of the Department of Agricultural Engineering 
I. R. Gross 


ORGANIZATION 


The agricultural engineering department was organized several 
years ago, principally for instructional work. ‘Three years ago or- 
ganized extension work was added and during the past year one 
definite piece of research work was undertaken, so that now the 
scope of the department includes resident teaching, extension work, 
and research. 

RESEARCH WORK 


Research work was begun in an organized way with the vege- 
table irrigation survey, which is a joint project, horticulture and 
agricultural engineering cooperating. The data were collected in 
about six or seven weeks by two men, one from each department 
concerned. The information collected is now being prepared for 
publication. 

A joint committee from the American Society of Agronomy, 
the National Fertilizer Association, the National Association of 
Farm Equipment Manufacturers, and the American Society of 
Agricultural Engineers is now studying fertilizer application with 
reference to crop, machine, and character of fertilizer. The result 
of this committee’s work will probably be the revelation of distinct 
problems for study. By accumulating data it may also render a ser- 
vice in suggesting changes in present fertilizer distributors, espe- 
cially with reference to point of application. The writer is serving 
as chairman of the American Society of Agricultural Engineers 
subcommittee. 

Mr. Lucas is acting as chairman of a committee of the American 
Society of Agricultural Engineers which is studying the duty of cul- 
tivating machinery. 


USE OF ELECTRICITY IN AGRICULTURE 


New Jersey is ideally located for the study of electric power 
on farms, especially for vegetable growing, dairying, and poultry 
raising. The writer is now cooperating with H. B. Weiss, of the 
State Department of Agriculture, in preparing a data sheet for a 
survey which Mr. Weiss is to make. The information collected 
will be available for the use of the agricultural engineering depart- 
ment. 

CAMPUS DEVELOPMENT 


Possibly no other activities receive more time and thought that 
may easily go unnoticed than do the engineering features of campus 
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development. Here is much work which requires the greatest of 
precision. The engineer must see the past, which furnishes the 
foundations upon which a great future is built. The agricultural 
engineering department is in a position to furnish, and has fur- 
nished, much exact information, maps, sketches, plans, surveys, 
levels, lines, and data for the proper development of the campus 
of the Experiment Station and the College of Agriculture. Such 
work requires days of work with level, chain, and rod or in the 
office preparing drawings and charts. Supervision is needed: to see 
that the work is done according to specification. Such work has 
been done this year for buildings, roads, lawns, walks, curbs, gut- 
ters, dainage, sewage disposal, and the like. This may be done at 
the request of the director, assistant director, farm superintendent, 
or the Buildings and Grounds Committee, of which the writer is a 
member. A list of the more important of such tasks follows: 

Grades for lawn at Baldwin street entrance; levels, lines, and loca- 
tions for walks, curbs, gutters and drains for parts of main drive; 
grades, plan and location of walk at Extension Building; grades for 
parking area at Administration Building; location of drive at rear 
of Poultry Building; levels for service roads about the campus and 
farm; complete set of plans for a calf barn for dairy department ; 
levels about the dairy barn; drainage survey for dairy pasture and 
piggery; drainage survey on the farm; design and advice on septic 
tanks for the farm. The time required for this work has not been 
recorded. 


Report of the Department of Agronomy 
G. W. Muscrave 
VARIETY TESTS 
Spring Grains 


The variety work with spring wheat, barley, and oats has been 
continued along the same lines as in the preceding year with ten 
replications of each variety and with suitable border rows on the 
margins of the plots. ‘The fertilizer treatments are the same as 
reported in the preceding year. The data are indicated in table 1. 
The results of the tests reported for the current year in general 
substantiate those of preceding years, in that the varieties of barley 
show a definite superiority over oats in yield of grain in pounds ner 
acre. ‘The spring wheat varieties as a whole produce lower yields 
than oats. The importance of earliness in choosing varieties of oats 
is again indicated in these data. Those ripening July 13 or later 
are definitely inferior in yield to the earlier ones. 


Winter Grains 


The results from the winter grains variety tests, plots of which 
were laid out and handled in the same manner as those for the spring 
grains test, are given in table 2. Certain varieties, such as Kanred 
and Gladden, included in this test have for the past several years 
indicated their inferior yielding qualities and will be discontinued 
from further tests. ‘The work has so far indicated some rather 
distinct differences between different sources of supposedly identical 
varieties. It is believed that possibly as great a difference exists be- 
tween strains of certain varieties as between the varieties themselves. 
This is a matter which will receive further attention in future work. 


Forage Crops 


In the work with forage crops, the red clover seed source test, 
the soybean variety test, the timothy strain test, and the alfalfa seed 
source test are included. In table 3 is given a summary of the results 
from five seed sources of red clover handled in 1/18-acre plots of 
five replications each. ‘This work is in cooperation with the Bureau 
of Plant Industry of the United States Department of Agriculture. 
Winter killing of the seed of Italian origin has been very outstanding 
under the latitude of New Brunswick. ‘The seed obtained from 
Oregon showed the least winter killing of any of the sources included. 
The yield of seed of English origin, both in green weights and in 
cured weights, was the highest of any of the sources included in the 
test: 

The soybean variety test included five replications of each of the 
seven varieties of soybeans and one of cowpeas. Although con- 
siderable differences in the yields of the several varieties are indicated, 


U 


7 


YU 


Ss Se ee 


€t |Z6'€88 |0°6T SHUM IOS T+ 29°L718S 9CL+86'9r1Z| 9'1bz| 8°98S| pszg | z'sz | et-z | cz-9 | st-b | OL Jott SEZ (LO Uoouryz] 9¢ 
ZI 1$£°726 (0°02 UUM (SP IL+P8'8z|9LC8LFES ereZ| 7°75 ake 3°68 | Ca EEE | te-9F) Sey 4 OL pe ese) Oumnsoajic| “cz 
bl |ZE°ZS8 |O°ZT SHUMIPI'C+6L97168'18 +09 2OZZ| ee he7| O'ZO9lee-9e8 | O:zZz | bE-Z | ¢2z-9 | SI-F | OT "PEL “TO W8T9S YSIpaas] Zz 
ST |ZS°618 |O0'bT UUM! L9 TE19'S7/LZO'S9TFS8°8E0E| O'rZZ/9S OE8l9s'FSOI| ¢:9z | Sih 0e- Oo 1 Spa Ub oe Sere ee OIA MON: 67 
9L 162699 |0°Z1 OUUM | Th T+92°02|06 OCT FCT 'Ee8z|9S TBI ee"h2Z168°Ss6 | z9z | SI-z | $z-9 | St-p | OL [octte ct uMorD] «Zz 
II 1€Z°8Z6 |0°bz ary M 2. ‘T+6S'0€|10'P6 FZb°80S2| $°29Z| 9°S891 T’ES6 | Die fie e908 Ob eae aerjeurog| 2-77 
b 190°TTCIIS'ST | Moppes-ysippoy| Lp TFS8°Le/18°'8¢ rr 609T| O'Les| S'6eh] gozz | ezz | SZ | ZEO A SEy AROL oP Soo to ees ODE SE Oe 
Z 160°O€ZI(S'8I | MoT[a4-Ystppey ie LEVY SE | SEOC ee ereiy COLT! 10th c°9902 1 Ofe 1-9-2 (81-91 ST-y | OF fo°o 802-9 aang | 61 
8 [99°TZOT|S°61 SUUMISSTF6PEE Po Th +P9'E8bl| 6'26z| S*SOr| +869 | soz | 9O-zZ | RTO SSF ck 0b ee "LZy8 “I “OQ aemoy| gt 
€ |S6°c7z1|0'0z MOTPPA!SITACCBE!LOI9 -FI968bI|SZPEEleTLOr|seirz | ssz | 72-21 St-9 | Sth] OL [rctct tt 6Sh CL *Q woszayy] ZT 
T [89°TTET SZ UTM IIL T+66'OFITI'P9 FEZ OST] s*ss¢e| ssttl] o'pzzZ | zoz | ¢-Z | 91-9 | Sih | OL |°"°°"1Z “ON “AQ9N Uosreyy] OT 
¢ |z9°9ZTT10°0Z PotAOO R29 £22 VEIL L9=+-09°C1811 O1Se1 -*S6Fl-O°218 | 6Sz_|. 2-2 | #1-9 | Sb th orto ‘cs pay sexay| cy 
OL [Z1°866 |S°Iz AOUF-UMOIg |pe TF 6LTE|GZ°S€ F1S'Z08t| 8'7ZzZ| Teer! 6992 | coz 4 2-2 | bt-9 | St-h | OL [ccc t* eT CON “aqQN Ung] $1 
4 9 |P9CHITIS'T? | UMorg-ysIppry|ee TF Iz selOzes Fes 696I| evzie egec] o:osg | 9°62 | Ce LEo toi | Gk SASS "*"8 ‘ON “AQ9N 4Ng! ¢T 
6 |6€°2bOr|0'0Z | UMorq-ysippey|ozI+ss‘Zel6t'e9 +zz:06zz! 6 +82] T9e| or16 | ezz | 62 | 6Lo | cre | or dec "*°9 ‘ON “IQ9N 34ang] ZI 
5 Z leozzorlotz | SHEMINI TFOS'EEITEEL +STbrctl o'f6z! Z9ztl 2692 | 662 | S-2 | 91-9 | SI-h | OL Jett **° tb CON “AGeN Ung] TT 
se S1DO 
ee 
-) b |16'ccrt|s6e | UUM ICLIT+49°62|92°8L 4626261! 6 88E| E°225| z'916 | 9zz | Zz | 9T-9 | SI-F | OL Ens oni MOI-OM} papivag| 0 
= Z@ |S Irstloes SUUM Sh LZ ZElZb9 8S 1891] rch] 9°6Sh| O'L8g | OHZ | ie | £9 Siar Ob cts ee SSL ABOLe I) 6 
em Gl po"eve1ls"ze | OUUMIOT'T+CL8Z|E9°26 FZe'eS0e| 8°9Z¢| 6:09S| zZ°Z¢6 | 99% | z-Z | 21-9 | St | or Jovi ccc t ttt) eEmygouey_| og 
O € lorszrrlo 6s UUM IST T+9L671H0'S6 FS9'P88T] FO6E! T°STS! s*s06 | 8°9Z | EL | LDOSP Sistah OF af Se ee So BOs eo eoe aoe 
<< LT [8zerstis‘or | UUM LE TEST'ZelO900TFZe'9¢IZ] B'Izbl 6'ERsl Z:coOT! 9°9z OP Pon Seva Dt it ee ee See ig 
ee a ial 2 S008) er ee Se Oe ee 
Ee s ajavg 
a Zz -let’e62 (9s P2938" FO7 ET|p3°98 +8o'ceztl s‘9tz| bezel] 6689 | Bizz | IT-Z b1-9 | SI-r | ¢ NN ee on ee = SOG Se oe 
m4 € 168102: 1S°S¢ PPUlED +69 11L(ZE'69 Ee 1S6l) L16rl gees! orszz.4 q-6z_| e1-2 | $1-9-4 st-+ | ¢ eS ol Se oe ee MARE ey 
= ¢ [Zz°1S9 |0°9S PPMlTZ +S8°01ls6°s9 TEZz9T| O'SLT oS , 129 4} 9°90"| PI-2 121-9" ST ak. © Sree > Cae ee SDE ee 
T [89°Sz6 |S*6S POM|TL’ FEr'ST]Z6°0L + Lz°ST0z| ovesz} goss! gcos | B'6z | st-z | 9T-9 | ST-p-] Gforce ttt etter! eos] 2 
2 b I¢s°089 I¢-z¢ | P2Ml09" Fre TT]09'E9 +F86'SPLI] O'O8T| Z 42>] ge09 | ozz | 1-21 291 StT-b 1g [rctctt test? opnprg! 
a ‘sqq | | sjaysnqg spunodg } a6 ui “mb =|sayout | | | |syoad| 
Se en OE Ped es Ne a ee 
Z {DIY 
7 coe is) re) Cae me cS) im) 5] 2 = ae a sc) 5 
fa (8ae| 8s mo [~|aee| © | Ree [Bao Reel RAB cz | Se] eo | So | BP ae 
Be |p ae.| oF a8 ms |e eel pg pat | oRE | Re) ges) 2 | SF | as | SF 1 98 3 
fat) eee ee Be shee eed pS ee tee "| Sho) 2 | eee oe | ea eo oo 
ao | o of. 5 oO a + = + <f _ a 0Q Fh iq > ey aweN AYIA es 
= ae 5. AB 
a + Ds es R 


CZ6I ‘Aspununs susan burads 


76 


[ @1avy, 


77 


ATION REPORT 


NT ST 


= 
~ 


4 


EXPERIM} 


‘pajsaaiey sjojd oulu AjUQ ‘“UOl}eUIWIIs 100g, 
Fo Ba col Se a a eee i rE RE ae ne ee a ero A, EAN Sele ete Nae et, TB Jost xe Lise aes EA 


[oases re csaeiesiers ager yeayM epIsoyy | ce 


q 


L S'6S | 98°61Z+9¢'Z709 | 969° +zE'zZe | w'7ZEL | Lvzy | S9rLL | fOr | 2-9 | OFS | Sze | & 
9 0°%S | SSlSCe ST 1e6s. | PERL ESL9¢ |-8'r6ZT fo sose | O1S9L [seco | Te-o< | og: f Sz6- | S~ Poet "57227 Shey asipemat ate 
Z O'S fr €ST+S8' OLS | 966° +6062 | v'OOrE | O'8ze | *'8ZZI | 9°z9 | 2-9 | SIRs G76 | § |°°''*'ee “ON presstpad “SIM| OF 
b O'7S | 98rZL+ZPeocZ | OSs’ SOEs | SSZST | SOF | O':O86T | S$z49 | ZI-9 | Ser G76 | ¢ |'c7** 7%" Woummoy ~sAnN UBA| 62 
¢ 0°¢S | 89°17 +29 18cZ | Zvs’ FOL EE | E'COST | wEIy | 25002 | 169 | ZI-9 | Se-r S76 | § [rrr tt tt ** Douruoy suostaeq| 82 
Z O'ZS | 88°9SZFOLEOLL | HO FES PE | O'P89T | Bezy | w'Z012 | v'69 | ZI-9 | Ber | Ste | Gg |°"*7***** Woumoy) syoolng| £2 
S sos | sgpec+orseeo | 278° FOLTE | ZESEl | 9 I8E | BHOZT | 2479 | 12-9 | SI-s CZ-6.> Lt Gee a te ee ne ame ia ne eee eae ee 
I oes | zo'Ze~-+40'90S9 | O€8° FOS'SE | LZ7crl | Ley | pss | e¢9 | Si-9 | 9@r | $26 | ¢ SENG SMO See AES aE Ie Ge, 
ca 0°65 Ze S8I+6r 1EZ9 | 965° F9L62 | O'CLHL | F'06E | F'Z98I | | | | | 
Z 0°6S | Pe'reZ#es'y8Zz9 | rSZ 7S'Ze | BES | Ebr | OSLO6L | S*6F IZ-9 -| 92-5 S7-6 S sreseesces Joyseo[My-toyseoue]| 77 
8I S°g8S | O8'88ZZS'9IbZ | 908° 06'LZ2 | BIZ9T | 0°99 | 8°Z861 | Z'0S [o-0 4 LoS = ee 6 Che ry i ie oa Bier £2 
al 0°09 | OL'S¢ez+r9'rcr9 | 195° 98'62 | O'FOPT | B'l6e | Z°96ZT | 8°0S €Z-9 | 6¢°S $C-6 g SR oe a ke DEO) bane 
OL O“ZS | 8r'68IFSr'ZIIZ | 022° 90'TE | H'9SST | S'ZOb | of96L | Ezh | 2-9 | OE-S S76 | S§ Se ea, a get inct Pease Seanad 
8 OLS | pr 9IZF08'P069 | 166° FO6TE | 6'60ST | S'8Ib | P8261 | E°LP 17-9 2a $7-6 ain oboe Suan aaa eta ADR re tA! @ REDE 
be O°8s Of TyI+rscse9 | esZ° +SEe'Se | 7OSEL | O'ZEE | BICLI | Bsr | 02-9 Gz-S SC-6 S HE Se ae OD OAT BTiS ea Steal 
S O'ZS | 16902482 47689 | COL'TOS're | 9°Z0ST | 9°7Sb | ZO96T | Sor | Zz-9 | 8z-s So-6 Ga ge GR tae Zeno as tay 
6 S°8S Z6TETHOL 1H89 | ¥L8° FPSIE |-T96FL | BLIP | GEL6L | bor | 2-9 | 8z-S CE-Grt ee Sey a ae a ae a ZL 
¢ 0°8S OS'SET+09'LE79 | OOP LF6L9E | O'VOEL | Lz8r | L9v8t | OBr | 22-9 | Zz-S | $2-6 S Pe Ser oe Sap na ge eM bono 
II 0°6S 8r'e9l+90°2269 | ZI8’ Fre Oe | LZSZST | 0'90b | ZIe6l | Sr £2-0." Wee WeCe One S hr See CepIG) See peat 
rp | 06S | €I'SstTIB'Ets9 | 229° +19°9¢ | Pb rZrL | C°O8r | Z'vO6I | T’Es £Z-9 62-S S7-6 ¢ Picea etal Se SENG Rost UN oy 
ad szg | 9s‘estoeestZ | v98° Fe9°9c | BOLST | vere | ZOzZ6L | OSbr | ze-9 | 9e-s S76 g "eee scapes 20s Ue r  & eer te 
I S°8S EZ y8l+Or'szr9 | BIZ ze'se | O'VIFL | 8°ZOS | S'SI6T | 6 6r | 0Z-9 | Sz-s CU 6 p= s eS SS See” Kiowa el eee ea 
A S65 90° C6L+08'E189 | Sh’ +E0°SZ | O'O6HI | H'8ZE | H'SIST | HOF Zz-9 ie eE-5. GS6 1S eg teats tar AMS es SEG LS 
at 0°6S GUfpo9S 8797.1 ZS£ ELF 08 | Peeel [cor |-S*180e fF 29h ee-o |e 2e2S-" | Se-6 sper a ae eke 
1Z S°8s 6r'ShT +56 8L9Z | L6L° FZ9°0E | 16291 | ZOr | S180 | FZ C29 1 67S SG S “ieee HF 606 Ch MOM Poti S 
1 S°8S 6b hI+S6'899Z | bIS’ +6692 | O'LZL9L | eHSe | Zed? | 8°6r paige 7-6 SEG eS “"''""?T6L ‘I ‘OQ wejsentg “OW] 8 
ZI 06S | 88°EIZ+rO'P00Z | Zz8" Free | BTESL | 6'SOh | S*ZE6T | ZL 6r ez+g | 87-6 $2-6 S poo 269 10, E49) -Peeuene 
£Z S°6S | 69°Z8I+16'crOZ | OLS° 90°92 | T'OPST | BIKE | O'Z88T | HBr | Oz-9 | Sz-S EBaGas ieGt— | Maes gig 1 RECON, Mane ae 
LI 076s | ze'90c+86 PE69 | 162° + H7'8z | SOIST | SOLE | O'Z88T | S*zZr | 02-9 | b7-S | SZ-6 gf tS 266 wi i eens ond eae 
9 S'6S | 86°2Ic+bre r9ZZ | LOL FEO VE | SB8B8ST | SFr | O'SEO? | LLy €Z-9 97-S SZ-6 | Sie Hy a LOL OS. Ce merine ts Deakiae 
6. | S'8S | Z28'l6ét+os soz | e£9° +erz~ | LHS | LOSE | ¥'ZO6T | O'TS Co t Oe*G Fe eG Ge it OF ee Te ha eat ie oe 
OZ) [20:65 =| 96'4IZ+ Pe eZ6L | BZr? FoO'Le | BcEst | SSE | T6st |-o'es” | Ze-9 | 6z-s | S7-6 S Res See OS Lon. ey ee pa 
9T O'8S _| FE'EFIF90'T6bZ | 899° FzE'8z | I'8E9T | Tze | Z9TOZ | Tes Teo 4 -szse SZ-6 G Pert? "2° 222919) 2h estate E 
spunog | spunog | sjaysng | m6 ‘mh | ‘wb sayour| | | syvad | 
ve ie) ny 2) mr — oa 2 09 tees. lens ay > fot 3 
a2 | Se | $2 | gee | 37] 89 | ese [882] BEF | BF | sk | BY | EY | Fe ae 
Oe eet eee eet ee | ee leer ieee ee lene oi gS a 
i, [obs 3 az | 34m (849 | Bas | “S| ge | we | ge | ae SuEN SHEA ag 
= a. = 99. dQ oe 
wn co Lao =a Ze + | 


SZ-FE6] ‘SUMAN 49] | 
7 Adv, 


78 New JersEY AGRICULTURAL 


it is necessary to continue this test over a longer period to determine 
which varieties are superior. One of the difficulties of handling 
this variety test is to control the rate ot seed that, to a certain extent, 
has varied with the size of the seed of the variety. A more accurate 
seeding implement is necessary for handling this test. The results 
are given in table 4. 

The comparison of timothy strains has now been carried suff- 
ciently long to indicate definitely the superior yielding qualities of 
several of these strains. It is, of course, true that the varieties 
producing the best yields are in many cases also the ones producing 
the best quality of hay. A completed summary of this work for the 
entire period of the test can now be prepared. 

The work on alfalfa varieties and seed sources during the present 
year permits reporting data on the first and second cuttings of ten 


TABLE 3 
Red Clover Seed Source Test, 1925 
Seeded April 26, 1924 


FIRST CUTTING 6-19-25 


He o 

Variety bo Ss on'p, ss bs cae & 

54 25 bee | 58 | Bos 

a2 so. | <6¢% | (oa 
inches | per cent | pounds | per cent | pounds 
Oretin, ch sg eee. | Sateen ZiGe 46.07 | 5440 51.79 | 2624.80 
Chilean, Bsr dy 2dsGu.4 6 au a 26.0 58.17 7140 52.86 | 3365.80 
Italian Fe Ce ae ee oe 20:5 74.34 5920 57.85 | 2495.04 
Prenchathy. Gopi emes ee ri | 24.5 58.01 6360 55.43 | 2834.91 
bay a beste Met sleep Gates RY 4-0V: Geen Bayh aoe 23.0 57.00 | 7260 | 52.42 | 3454.16 


seed sources. The Hardigan obtained from the Michigan Experiment 
Station appears to be one of the most promising lots included. Atten- 
tion should be called to the two sources of Grimm, one obtained from 
the United States Department of Agriculture, giving the highest 
yield, and one obtained from a commercial source ordinarily con- 
sidered to be reliable, but which ranked tenth of all lots. The 
present seedings are to be continued over a sufficient length of time 
to indicate true differences between the various lots. 


CORN BREEDING 


The corn breeding work has been continued during the present 
year. One hundred twenty-seven different lines have been inbred 
again in sufficient numbers to supply seed for the maintenance of 
each strain. In addition to the inbreeding, a number of strains, which 
appeared to have reached an approximate homogeneous condition, 
have been used in 61 single and 43 double crosses. Out of this total 
of 104 hybrids, 13 gave yields superior to the selected White Cap 
strain used as a check. This is the Schmidt’s White Cap, a commer- 
cial variety of recognized merit. 
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SIZE OF POTATO SEED PIECE AND RATE OF 
PLANTING 


The rate of planting work was continued during the present year 
with the same series of treatments used in the preceding year and 
with three replications of each treatment. The plots consisted of 
three rows, 100 feet long. In addition to the usual harvesting deter- 
minations, an individual hill study was made for biometrical and 
statistical analyses. Approximately one hundred hills (in three 
cases, one or two hills less than this number) were harvested individu- 
ally and a record was obtained of the number of tubers per hill and 
the individual tuber sizes. Although the statistical studies have not 
been completed and will not be completed until data are available 
for at least one succeeding year, a summary of results is given in 
table 7. Further details of these individual hills are given in tables 
8 and 9. It is of particular interest to note that the percentage of 
tubers weighing less than 15 gm., from 16 to 30 gm., and from 31 
to 45 gm., does not vary greatly with the size of seed piece and the 
rates of planting. In all cases, over 93.5 per cent of the total weight 
was in the class of 45 gm. and over. In no case did this class include 
more than 97.75 per cent of the total weight. Present data would 
indicate, therefore, that closer spacing than normal would not greatly 
increase the percentage by weight or tubers in the smaller classes. 
This is a matter for further corroboration. 


LABLE YD 
Timothy Strain, 1925 


r= Variety og Se be ae © , e eect 
S a8 33 ag | £2 | e& | Ss 
Z ee As fa We ao ae < hE 
| | | | inches | | pounds 
BCT Bae ee ee ee 9- 4-24 6-10 | 6-14 | 26 6-22 | 43 
FAME L@ ov sicltge. (hd Solin tts 9- 4-24 6-14 | 6-19 23 6-30. 4). 72338 
OB 5G lO ROG iene ase 9- 4-24 | 6-15 6-18 | 24 6-30 52 
4°) (Ondinary iiss Gee eee 9- 4-24 | 6-16 6-20 | 23 6-30 51 
RM Lee Ohta Sk yg Ne ee 9- 4-24 | 6-25 6-50. |. 20 7-9 44 
6) Cornell 4129) 7twg oe 9-23-24 | 6-11 6-16 | 24 6-22 57 
A iGornell a0SOr a ee ake. 9- 4-24 6-24 |. 6-28 | 23 7-9 55 
Soper OTs CAO) aire ian 9- 4-24 6-24 | 6-30 | 22 7-9 50 
Pe A eS Tat (neers cacao e 9- 4-24 | 6-26 7-3 Za \ iene 45 


E Variety Sie fos y S 3 B 
3 pu > HD 5 4 ‘ oo 
4 me “52 Oa Ai pa 
ber cent| pounds pounds 
RAN eee hes ORAS ey ceed ok ys act 40.27 1 25.68 | 2796.6+227.78 6 
243 COrneil! 405 ee wien ee 49.17 | 18.81 | 2048.4+218.46 9 
3. Be C. 1D OB OTs pate tes eae aie 49.17 | 26.43 | 2878.24255.52 5 
A: ) LO dinar yi 3\2y eae emeolae in 50367)4 25:16 \n27 3092 epee 4 
5 VB Oa 3O 37s peten ete 43°62)) 24 811.2701 82154 78 | 8 
67 (Cornel Ales 2 sarees ete 40.50 | 33.92 | 3693.94236.81 1 
7. \Cornell 4059 2 see 45 34.1 30:06: | 3273 5248.62 Z 
Be RoC O40 ain ee 46.36 | 26.82 | 2920.74212.44 % 
OIE! C1 6408.0 siete tee | 40.70 | 26.69 | 2006.5+253.87 4 
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TABLE 6 
Alfalfa Seed Source, 1925 


FIRST CUTTING 6-19 


81 


- <= cl oO ci cr 
% =I met Oo op © ar 
E 3 E ae | Sat eee es Poe | a 
: 2 5 glo Salemi hiclecsp| =) 2 Ciyhs | AEE 
Z 3 6 Ae) | Somes oa | Ob) Ge 
| | inches| pounds | per cent | pounds | pounds 
1 |Common _ |Kansas hrp-11) | “2eee ergata 94.5 (SO. 9 9 Teese 
2 |Common |S. Dak. 6-111! (280 ngs. | 55.60 (Huse 81) t ZrB4 
3 |Common Mont. | 6-11 | 270) Wi, O08 5319 |, 79.4 2832 
4 |Common *‘Quaker’”’ 6-11 27 EE tn I ed 32.2 | 2576 
5 Grimm psi) lik 6-11 27 84.0 | 54.2 38.2 3056 
6 |Le Beau Mich. 6-11 30 POcae SW SSie teese ou) [i Zo24 
7 |Hardigan |Mich. bbl) |. P2GEe ee OMG 55.200 fera9. 00) |ga20 
8 |Cossack S27. Dak. | 6-11 28 PO Sue le DS See 1) IO 4s) fh al 2 
9 |Province |France | 6-11 | 27 | 70, a oC S4uay, [Pai ete 2996 
10 |Grimm. \CCom. pSource “A7’))) 6-11) | 2609) (64.0 p40 56.8) (927.7 6) |) 2216 
| SECOND CUTTING 8-12 | BOTH CUTTINGS 
2 = a = a a 
g “bp 2» e 2 : 2 2 
Pecos tie eg es ee Hie ie. ee eS . 
E ht ve ee <2, eee Me pea aed cay S 
= SS one mg a Bo BO 20 2 oO ee 
A Ag <3 Od i Oa rar Oa Od At 
inches| pounds | per wa pounds | ona ey pounds | pounds | 
1 8-3 13 65.8 68.9 20.4 | 1632 | 57.3 |4584+ 48.40 6 
2 8-3 14 66.3 68.0 Zeee\ e696 56.0 [4480+ 62.38 Zi 
3 8-2 ls Ha 8 68.1 22 40 1760 57.4 |4592+139.91 5 
4 | 8-2 | 14 68.0 68.3 Zire 1720 53.7 |4296+248.22 8 
a aes 15at | 76.30 168.4 24.1 1928 62.3 |4984+243.30 1 
6 | PSUR UO ToT 2 2Be Tiebs 37 23.55 1880 | 58.8 |4704+224.09 4 
7 7-29 Atay 69 3 EOS. 7 | |e 27, 1736 | 60.7 |4856+228.74 2 
8 | 7-29 1 acne | ama pee Se aC | Zod 1864 | 59.7 |4776+191.34 3 
Oe) ke 58-1 fa 59 FN 69,0 18.4 1472 | 50.1 |4008-+243.30 9 
Sr ee sOU aan, 66.30, 14.65.1 °° | i 20C9) |) 1167204. 48.6) 3888+) 66.04) 10 
TABLE 7 
Yields from Individual Hill Harvests—Size of Potato Seed 
Piece Project 
o 
© 
38 S : <3 2 5 @ a ne 32 
3 ee ee ote sos | fey | Sse | BaP 
Ay ng wn A's, Aas “Re Aad DH Gan 
| ounces | inches | gm. gm. | m. 
A th 1 23,995 100 239.950 100.00 23,995 
B ih 9 31,070 100 310.700 TGStoo 41,425 
i 1 18 38,098 100 380.980 66 .66 | 29; '306 
D iy | 7% 26,145 98 266.785 160.00 42, 685 
E 1 | 15 39,772 | 100 397.720 80.00 31, 817 
F 1% 221% 47,794 100 =| 477.940 SREB, 25,488 
G lf, 6 | 22,944 99 | 231.757 | 200.00 | 46,351 
H 1 12 34,585 | 100 =| 345.850 100.00 34,585 
Les erty Er 18 | 40,060 100 400.600 | 66.66 | 26,703 
J | 1 | 9 28,242 | TOG Tt. 202.420 Meas 3h 40457,000 
K ly, 13% 40,221 | 100 | 402.210 | 88.88 35,748 
Toe, tates | 9 31,349 | 99 316.656 192133 133 42,219 
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TABLE 8 
Distribution of Tubers in Size Classes—Indwwidual Hill Harvests 


Under 
Sy 15 gm. 16-30 gm. 31-45 gm. 
Say 
¢ | fee |——_—_|—__—__|____ 
py Sas Weight Number Weight | Number | Weight | Number 
| 
| | el me slay | gm. | | gm. | 

A ZOO Gtr Reis Oe) 446 20 872 23 
B SOO a Mego) On a LAGS 1/4 See Z2 
C Sim 175 vA | 589 25 1008 26 
D 253 98 12 466 20 669 18 
E 351 182 25 215 9 491 14 
F 445 281 39 598 25 1072 28 
G Zor 139 19 3/0 16 700 18 
H 330 185 25 429 20 681 Ty, 
I 387 204 24 387 16 1285 on 
i) 313 173 23 579 25 1082 28 
K 383 136 16 560 ay 971 ay 
it ob ea ae 220 10 995 26 
Total | 4000 ZIS4 i (hey 5225) vheea0 10665) Sees 

Over 45 gm. | mah Fak te ie 

as eo TH So gee po kas| 

~ sy ous ayia B'S 

= Weight | Number oe Ze8 aes a 

| gm. | | gm. | gin, | gm. 

A 22,471 203 23,99 239.95 94.42 100 
B 29,629 266 31,070 310.70 99.84 100 
eo 36,326 299 38,098 | 380.98 109.86 100 
D 24,912 203 26,145 266.78 114.30 98 
E 38,884 301 Bh Me fe 4 399.72 125.00 aay 
F 45,843 393 47,794 477.94 121.98 100 
G 21,702 184 22,914 231.75 110.51 99 
H 33,290 268 34,585 345.85 118.36 100 
I 38,264 316 40,140 401.40 | 114.11 | 100 
J 26,408 231, | Pe eae) 2E2 42°) eee 100 
K 38,554 313 40,221 402.21 115.35 100 
L 29,968 Zire 31,349 316.66 105.39 an 99 
Total | 386,251 3,245 404,325 1,055:56 ) | aS eae 1196 


GRASS AND TURF WORK 


In the permanent grass gardens originally laid out for observation 
and classroom study in the Agricultural College, a series of simple 
treatments was begun during the present year for the purpose of 
obtaining information on the relative permanency of the various 
species and varieties when clipped and when allowed to mature; also 
to determine the relative response of these several species under acid 
and under alkaline soil conditions. Jor this purpose the plots were 
subdivided lengthwise and one half of each was clipped and regularly 
mowed with the lawnmower. The other half was allowed to mature. 
after which it was cut with the mower and harvested as hay. The 
plots were subdivided in the opposite direction, one half of each 
being given a treatment of nitrate of soda and the other half a treat- 
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TABLE 9 
Percentage of Total Number of Tubers in Classes Specified 


7 ie a 16-30 gm. 31-45 gm. 45 and over 
ee : 
3 | $82 ME cic, 
Ay a EE Number | Weight | Number | Weight | Number | Weight | Number Weight 
per cent| per er Benecens per cent|per cent|per cent|per cent\per cent 
A 269 | 8.55 ; Pel 7.43 1.85 8.55 3.03 5 75.46 | 93.64 
B 330 hives’ ; 5.15 eave | (700.4, 2270 0.60 | 95.36 
ti OF iN 25.60 48 6873 1.54.) FF200"h 2.64 50 50 | 95.34 
D Brau  cAgs4eee 237 ye ed as. | rien al 2HbS80e 25uie 95228 
E Bole). v/elZ SASS OG 54 | 3.98 LEZO ie Bo cle kbd LU 
F 445 | 8.76 BOG laenD OL ja | On 20v ie ee. 24 79 02a 9 | 
G Pas HOLL FOO) 1 *6;75 1.62 eo o re Se UD hss Oo Ne e471 
ial 330 Ft57 Foe ZUG 1.24 SH14 LO6M olvZF 7-96.25 
I Bor ie eae 0. 4.13 .96 8.01 3.20) ten, oko 
J 313 7.34 .61 7208; f) 92500 S045 95-855) /5-71 93.50 
Kien 383 | Any, A 7.04 Lae 7204}; 924) 81727 |95..85 
tee 331 6.64 Za tas OZ S/d HOO Sal/aihoe 247.) 95.59 
Av’ge | heeOnpo a 04-1 25475) | 1.20 GOS Sian Oo role. | Ooe5e 
TABLE 10 
Fertilizer Treatments on Washington Bent Grass 
Amount of Amount of 
Kinds of Fertilizers | fertilizer | fertilizer 
per plot per acre 
| _ pounds | pounds 
PMCS GOP) 0S, 52 Rak a aa 0.469 204.20 
PE DE a emmy a8 oh 3 cide oss ales we Ces 0.625 | Pi AAS 
POON ee BOSPUAte. 4. asec. a aes = 0.569 | 247.80 
(cat STQUUS OG oly ey ay Neo a ea gee are Car 0.162 70.80 
(RS Cig ict es QP 2 Si Re iia sears ees aa 0.119 51.70 
rt CMM tN ns coe evans dats save bas 0.695 302.70 
IRE PY Sy ek ae he ae 0.238 104.40 
PAE OSHA tern he Wl a alee yey + « 1.430 622.30 
J URS ie ICE ts alee Shediac 055 1680.00 
MIT tlt olgcit eominSp ine r Aiea Us tk gn Sea | 10.410 4534.60 
SONGS VGA perintaas REDE ON Es © pi ecies s henwe 1.040 453.00 
SSG te SAIN GO kee Ee A eee 0.688 | 299 .50 
SUE a ape Rate A a ees, 1.376 | 599.50 
“Fu UD SE ie OU ie! Seen Oe eee a ae 7.286 | 3173.30 
MO Ll orb eevee iis ts ue k oes op cake os 14.572 6347 .80 
NH4aNOs (Applied to CaO and 
ee ILS eA tees ate ee es 0.2925 127.40 


ment of ammonium sulfate in equivalent quantities of nitrogen. 
These treatments are being maintained regularly, and observations 
and records will be obtained after the effects of the treatments 
hay~ become apparent. In addition to this work on grasses, the new 
study in cooperation with the Greens Committee of the United States 
Golf Association, has been established on several of the. important 
vegetatively propagated strains of bent grass. On the Washington 
strain the fertilizer treatments shown in table 10 are being establishe.'. 
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During the absence of the agronomist from February, 1926, on 
leave for. commercial work, the experimental work conducted by the 
department has been under the immediate supervision and direction 
of Edward E. Evaul. All of the original projects under way in the 
department have been carried forward according to plan during the 
present year. | 

In addition to these, the work on pasture survey, in which an 
ecological study of the pastures in the important dairy sections of 
the state is being made with a view to determine the more important 
factors influencing the carrying capacity of these pastures, is being 
carried forward by Herbert W. Reuszer. During the present year 
approximately one hundred thirty-five detail records, including a 
vegetative map, the carrying capacity, the feed consumption and other 
related factors, have been obtained on each. 

‘The work on the various grass plots is under the immediate direc- 
tion of Alwyn C. Sessions. 


Report of the Department of Animal Husbandry 
FRANK G. HELYAR 


BUILDINGS AND EQUIPMENT 


The sheep barn has been completed, fences enclosing two acres 
for sheep lots have been installed, and main drainage lines have been 
installed in the sheep pastures and in some of the pig lots so that 
laterals may be installed later and the Judging Pavilion has been 
completed. 


LIVESTOCK 
Swine 
There are 175 head of swine in the herd, divided as follows: 
BOARS BROOD SOWS' FAT BARROWS PIGS 
LTOCe se ree re 2 23 f3 80 
Elaiipeiiitcsspeeete. aes tek tec an a - 29 
Worieshiresamenre ale os. tis cwa ales 2 a 
Poland) Ciitnase rts: si vee 3 3 12 
Berkshitagmememeree. oS cuces Ds Z Pe ry! 
Seas: - . i ee “ hs = 19 
Ss 35 3 140 
Sheep 


The flock of 10 sheep and 9 lambs reported last year has been 
increased so that there are in the flock at the present time 


MATURE YEARLING 
RAMS EWES EWES LAMBS 

Purebred Shropshires ......... Z 9 4 4 
Purebred Hampshires on 2 
EULE ULE LOTSCtS). ce pct ss 2 
Purebred Rambouillets : ne by, 1 
Rracesonropshires Wa i... a 1 1 

2 10 10 + 


The Shropshire flock was greatly improved through the gift of 
Miss Ruth McTwombly of Florham Park, New Jersey, of a pure- 
bred ram and five ewes. Mr. Waldo Barron of Slippery Rock, Pa., 
gave the Rambouillet to the college. 


Health of Herd 


The herd of swine has been quite free from disease during the 
year. Post mortem examinations of young pigs have not disclosed 
any defi.ite cases of swine plague (hemorrhagic septicemia) and 
there have been but two cases of hog cholera, the first being that of 
a young boar, in August, 1925, that had been given the simultaneous 
treatment several months before; the other that of a suckling pig, 
early in June, 1926. The experience of the year increases confidence 
in the plan of deferring the simultaneous treatment of animals to 
be retained for breeding purposes until after the market stock is 
disposed of in the fall, and of protecting the untreated animals during 
the summer with serum, as may be necessary. 
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RESEARCH PROBLEMS 


During the year, five problems were studied. A report of these 
is given in the following pages. 


A Study of Farrowing Records 


Profit from swine is largely affected by the number of pigs that 
can be successfully weaned and raised. It is also affected by the time 
of weaning. The pigs that are ready for market in the latter part 
of October usually bring more money than those that go to market 
in competition with the bulk of the western shipments in November 
and December. To get the young pigs well started in late February 
and March with the severe changes in temperature and humidity that 
take place during this period and with the inability to get them out on 
the soil presents many problems. 

During the last three years the department has been making a 
careful study of the farrowing performances of the brood sows and 
of the factors that influence the number of pigs weaned and raised. 

The results of this year’s study are included with those of 1924 
and 1925 in table 1. 

TABLE 1 


Farrowing Performance of Brood Sows and Factors Inflencing the 
Number of Pigs Weaned and Raised 


1924 1925 | 1926 
Nigmber of “Litters. 64 ns ole ee 24 19 21 
Piss. Bor, 3, oe ae 2952 189 | 241 
Average Number in Litter......... 10.5 9.9 9.27 
PISes FOL MCRL any clay os eameeee RAC 26 | Zi fa 
Per-Cent: Born Dead 0... 245 agence ae | 10.3 | i | 10.3 
Figs Dying. Hirst. 14: Days® se.05.. 78 25 53 
Per Cent: Dying First 14 Days...... 30.9 152 21.9 
Pigs Dying After 14 Days......... 56 30 | 15 
Per Cent Dying After 14 Days..... Ze) 15:6 6.2 
Wienber. Weaned: is eicua sae 125 107 148 
Average No. Weaned Per Litter... 52 Sz. 5.69 
Per Cent of Pigs Weaned......'.... 49.6 | 56.6 61.4 


*Of the 53 pigs dying during the first 14 days after birth, in 1926, 12 
were killed by their dams, 20 were weak, and 23 were sick. 


A study of the table will show the following facts: 


That in 1926 the average litter had nearly one pig less than in 1924 or 1925. 

That about the same percentage of pigs was born dead each year. 

That in 1926 relatively fewer pigs died during the first 14 days than in 
1924, but more than in 1925. 

That in 1926 over 70 per cent fewer pigs died after 14 days than in 1924, 
and 50 per cent less than in 1925. | 

That a larger percentage of pigs was weaned in 1926 than in the two 
previous years. 

The great reduction in mortality after the pigs are two weeks old 
between 1924 and 1926 indicates that this phase of the problem is 
being met. As stated in last year’s report this decrease has followed 
the use of a definite method of reducing the infestation of the young: 
pigs by round worm (Ascaris Suis) which takes place under ordinary 
conditions as soon as the pigs suckle. 
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The mortality during the first two weeks presents another problem, 
that of finding methods of management that will protect the pigs 
during this period against the vitiating influence of the weather 
conditions of the season or of any other factors that may appear as 
the work progresses. 


A Study of the Effect of Protozyme on the Utilization of 
Food by Swine? 


Protozyme is a commercial product containing enzymes which 
split, or digest, both carbohydrates and proteins. At this station, 
experimental results with poultry seem to bear out the contention 
that Protozyme, when added to the usual rations, will so assist in 
the digestion and assimilation of the food that increased gains in 
body weight or in production ensue. 

The object of this experiment was to determine the effect of Pro- 
tozyme on the utilization of food by swine. The work was divided 
into three parts: (1) with suckling pigs; (2) with weanling pigs, 
and (3) with shotes being fed out for market. 

Parts I and II—Suckling Pigs 

Duroc-Jersey and Yorkshire-Duroc crossbred pigs, 4 weeks old, 
which had learned how to eat grain, were selected for this part cf 
the work. They were not removed from their dams but continued 
to nurse until they were weaned at 8 weeks old. 


Lot I, consisting of 9 pigs in two litters was used as a check, receiving 
the basal ration consisting of the following: 


OSIENL CA LIN ow oie tier ete eke 60 pounds 
Red Dog Middlings ........ 30 pounds 
60% Digester Tankage...... 5 pounds 
SkimiuMilk Powder: syne 47. 5 pounds 


Lot II, consisting of 16 pigs in two litters, received in addition, 1 per 
cent of Protozyme. 

Lot III, consisting of 16 pigs in two litters, received in addition, 
cent of Protozyme. 

Lot IV, consisting of 18 pigs in two litters, received in addition, 3 
cent of Protozyme. 

Lot V, consisting of 8 pigs in one litter, received in addition, 4 per 

5 


bo 


per 


per 


cent of Protozyme. 

Lot VI, consisting of 13 pigs in two litters, received in addition, 
cent of Protozyme. 

The Protozyme in each case was mixed with the basal ration and 
the mixture self-fed. 

The pigs were weighed each week and when they were eight 
weeks old were weaned. 

Tables 2 to 7, inclusive, show the initial, weekly, and final weights 
of each individual in each group as well as the total gain, the daily 
gain per pig, the average daily gain, the total feed consumed, and the 
feed consumed per pound of gain. 

After weaning, the pigs were continued 28 days longer in the 
same groups and fed the same rations. Tables 8 to 13, inclusive, give 
the data for this period of feeding, whereas tables 14 and 15 sum- 


per 


1This project was planned and carried out by W. C. Skelley. 
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marize the results of the entire 49 days feeding before and after 


weaning. i if 
ABLE 


Showing Feed Consumed and Weighis Attained During the Last 
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Three Weeks Before Weaning 
Check Lot—No Protozyme* 


| WEIGHTS oF Pics By WEEKS 


en Fifth | Sixth | Seventh | 

y Week | Week | Week 
Ibs. Soma Bn Clg 2 

S 24 1603 | 20.8 

B 15.0 18.0 2200 

S 12S Oe Oe nb ne 

B 16.0 2015 26:7 

B tay 14.5 19.3 

Baia a Lon2 17.8 22.0 

eee a ee ® 28.3 36.5 

B 2as9 pepe) et een 

S 20% as Zor 


Total gain of litter in 21 days. 
Average gain per pig in 21 days 
Average daily gain per pig..... 
Total feed consumed in 21 days 


Eighth 
Week 


lbs. 


£0.10 

80 | 
30.0 
21.4 


ee ee ee we 


ee <6, OWS 6 Jee, 


Feed consumed per pound of gain........ 


TABLE 3 


Showing Feed Consumed and Weights Attained During the Last 


21.5 | 


Three Weeks Before Weaning 


Protozyme—1 Per 


Cent 


| WEIGHTS OF Pics By WEEKS 


Sr bith (afer Sixth Seventh Eighth | Daily 
; | Week | Week Week Week Gaines |) Gain 
Cie) DS, Ibs. Ibs. Ibs. fs es 
je tawe 17.0 20.9 2545 29.7 12.7" 6G 
Serpe 17.8 Can 28.8 Boro L7OF 0.84 
Bi. BAe eee ae | 2143 ous 16.4 | 0.78 
BY: £98 OR ON ZEES 30.7 38.3 1875 5 eae 
orn eae eat Cine 8 Nag Sive 41.8 Wig: 0.82 
Syd 21D tA GeO i bees) 40.0 18.1 | 0.86 
cet apna etl CEE BP 19.8 24.8 30.0 11.9 0.56 
Bick: 14.6 19.1 Zae5 2526 11.0 0.52 
ett LOO 14.2 17.0 19.0 6.0 0.28 
San 25/4 29.8 ke | 39.0 13.6 0.64 
pe 2355 29 .3 35.8 44.8 Zs 104 
Bt: ZANy iM belt) ay 44.4 19.7 1 Ones 
ce RITE IC aol 36.3 42.3 48.5 20.8 0.99 
|e aban Hel aa Ae tare 29.8 33:..7 39.0 15.4 0.73 
Soi ye web On Leia 35 25 40.9 14:3 0.68 
|B aie cache AN Haran en 2 tek 55),0 41.0 1322 0.86 

lbs. 

Total gain ot litter an 21 dayses eae 252.9 

Average gain (per pierin 21 days) 14 via O07 

Average daily eain' per pig iid). i) eee 0.74 

Total fteeapconsumed jin, 2 pdayss oe 110.0 

Feed consumed per pound of gain...:..: 0.43 
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Showing Feed Consumed and Weights Attained During the Last 


Three Weeks Before Weaning 
Protozyme—2 Per Cent 
WEIGHTS oF Pics By WEEKS 


Fifth Sixth Seventh Eighth | | Daily 
SEX | Week Week Week Week | . Gain -.j|. Gain 
Pees IDs. : Ibs. los 5 Reece Sv tbs. Sle lbs, 
tae. 14.5 18.8 | 24.4 29 .0 Laas | .69 
=. ac gey eae 0 e Ley ae ZA0 aS me .67 
eos. Tera alo. S 21.0 ge Ged geil aH 
Pe 2s (LOCA ih, 23.8 30.0 Bon7. 14. desl .68 
wee.) 20.0 1522615 33) ame ea) 77a 
Gents): 16.6 19.0 Zora 29.5 Vas eR 61 
un. i233 bayz 18.3 23.1 1OnS: a 
Eh ke: LoS 20.2 23.4 27.4 Die) .56 
Be... 18.0 PA) Bons 3520 17.0 .80 
ee. Spies 22.0 26.8 30.8 Voy Maes 59 
Si) eee 16.6 Pinas oe ey aU 32.0 Lippy Te ie 
S é 2 5 20.0 25.7 30.0 Ce ee .69 
Byes: eer V2lis 26.6 29.5 Leal || 63 
sc FP ae 2053 zat ever LR Al .48 
B Ba ae 2 eS) 1330 18.5 Bey 7 TORS | Pep 
eae Us AI: 16.5 20.7 (diy OS ai 46 
lbs. 
Totalivain.of litter iniZ) days. (8. tay. 219.0 
Average gain per pig in 21 days......... 137 
Average daily. gain'per pig 2 a dase 0.65 
Total feed consumed in 21 days.......... 89.0 
Feed consumed per pound of gain........ 0.406 
TABLE 5 
Showing Feed Consumed and Weights Attained During the Last 
Three Weeks Before Weaning 
Protozyme—3 Per Cent 
| WEIGHTS OF Pics By WEEKS 
en ith vere eit Seventh | Eighth | Daily 
‘ | Week | Week Week | Week Gain | Gain 
| LDS 1s. SDS! lbs. lose ho V1LbS: PE ibs 
1g SNe Does. ate 820.0 24.2 30.3 i a ve 
Br aa, 12.8 16.7 20.4 fab te 14 See] .69 
it ee 13.4 Wis 22.8 30.0 16.6 | .79 
Ec Ap OS 22.0 26.0 3375 Leese BN 74 
= el ae ey Bea 25.8 33.5 16.2 7 
ct ae 9.1 tie6 14.5 20.0 TOO. aL 
cerca Wt |S 1 ey | 29.6 38.0 19.0 90 
B a LODZ. 18 .6 23.8 30.7 0 4 Ya! 
=) eae 1723 21.4 give bee 18.2 . 86 
= ee 19.6 23.0 28.6 gn Se Maman Wei 82 
Aah tt eee. be ALORS oles 38.5 18.5 .88 
oe Logs |) 4 2245 29 .3 36.5 19.7 93 
or ae LYS 1422 iGo. LORS eh ot fee | . 36 
Sete. < 22.0 | 272 B3i7 41.3 | 19.3 | 91 
oh eh 18.5 23.6 $14 Se" 4 Aee Usd .96 
fee PN OY ENR me Vee 22.0 2G 80h ‘dumehosd & 7) 63 
Ban eapeerioroier) 21.0 26.5 1.4 tvabk E46» 33 69 
Seen feel’ ZO. 31:0 she G923.0 0. | .58 
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lbs 
Total pain or litter angeiedays. ¢)... e 284.3 
Average gain per pig in\Z1 days........ 15.7 
Averace daily gain penppicewec. 2. acme 0.74 


Total feed consumed in 21 days........ 122.0 
Feed consumed per pound of gain....... 


TABLE 6 


Showing Feed Consumed and Weights Attained During the Last 
Three Weeks Before Weaning 
Protozyme—4 Per Cent 


WEIGHTS OF Pics By WEEKS 

Titth jf) Goeth Seventh Kighth | Daily 
SEX Week | Week Week Week Gain Gain 
1s. tas | Ibs. | lbs. ~~} 4D | Ibs. 
B L6G7 > Oe 28.3 Deo 18.8 .89 
S 21.3.4, 26a. 1 eae 42.0 20.7 .98 
B 10.4 10.8 L2eb 13.4 320 .14 
5 17.9 20.8 2349 28.8 10.9 | 
B 15.9 17,9 22.4 28.0 Za oe 
S 14.9 19.0 24.2 31.0 16.1 76 
B 14.3 16.6 19.1 AY 7.4 35 
B | Wage) 16.0 18.5 20.0 7 iD | :3o 

lbs 

‘Total gain of litterin 21 days... eee 96.5 

Average gain per pig in 21 days........ 12740 

Average daily gam ‘per pistsy.enevooee 4 0.6 

Total feed consumed in 21 days........ S025 

Feed consumed per pound of gain....... 0.316 
TASUEA? 


Showing Feed Consumed and Weight Attained During the Last 
Three Weeks Before Weanng 
Protozyme—5 Per Cent 


WEIGHTS OF Pics By WEEKS 


S Bitth b Wit oreo | Seventh Eighth Daily 
sp Week Week Week Week Gain Gain 
lbs oem Wipes, 2/2 le LD Ses hs eta | ess 
cae 13:5 18.0 2500) 2828 0 oke eee fa 
Sy 7.6 10.0 13:5 17.4 9.8 46 
oe 9.2 10.6 14.5 21.4 1252 30 
Se 157, 18.7 25.0 3243 16.6 .79 
oe 1535 19.0 24.8 B1S7 16,2 Ta 
Bee 1950 AN Paez eG 28.0 $235 1325 .64 
Pe), 20.0 241 29.8 3415 14.5 . yee 
Breen. as 2282 Bi 5oe5 14.0 66 
Si ik 16.7 19.2 2287 27.0 1053 ao 49 
See oul 19.8 24.0 29.2 13 ae 62 
Soe 13.4 16.0 20.8 27.0 13.6 .64 
Se.2 12.0 | 1522 19.7 24.9 12.9 61 
Sion 12.6 16.8 23:0 29.4 16.8 80 
lbs. 
‘Lotal gain ot ‘litter in 2) days. 24 eee 178.9 
ANVETAGE- Sain per pig ini 2b days ...6) oe 1327 
Average: daily sain petipien. .2. cee ee 0.65 
Total feed consumed in 2) days...) 2,5 80.0 
Feed consumed per pound of gain........ 0.44 
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TABLE 8 


Bi 


Showing Feed Consumed and Weights Attained During Four Weeks 


After Weaning 
Basal Ration Only, Check—No Protozyme 


| 


WEIGHT oF Pics By WEEKS 


Eighth | Ninth Tenth | Eleventh | Twelfth | | Daily 
SEX | Week | Week | Week | Week | Week | Gain | Gain 
Ibs. Ibs. Ibs. | lbs. lbs. SDS RP) VIDS 
Sued 921.5 2205 25e1 26.4 2502 Ce ame Pat 
Deere: 27.0 26.8 LAO 34.7 36.8 1 a PD ae 2a 
Soh 25'.0 26.0 27.0 30.6 ORs Sioa as 30 
Ba 30.0 S225 36.0 41.0 44.8 l4c8> [ye 
EB 21.4 26.4 28.5 Si 34.0 1ANGo7 TAS 
= CW Es 28.4 BUS 3000 55 ye GeO at 
the 43.7 43.5 46.0 Bae 57.6 1 Bot ey raw. (6 
| a 41.0 41.7 43.8 45.0 46.8 oho. lh me cO 
tS ee 30.4 32.4 B55 40.8 45.0 La6 le NES 
lbs. 
otal Salon Utter imeo days - sects iss eile ode 94.7 
mevetave: Pally per = pig riitelo. Gay Saree «taka fete wae 10.52 
PeVeroage) dally can: PO DIS. ete os eee cae 08375 
otal’ teed consumedsin’ 28 daysis .. ba. cee. oa 30730 
Average amount of feed consumed per pig....... 3754 
Preece constmed per pound.o1 Painie.ws. ve. dos. bs) 
TABLE 9 
Showing Feed Consumed and Weights Attained During Four Weeks 
After Weaning 
Basal Ration Plus Protozyme—1 Per Cent 
| WEIGHT oF Pics By WEEKS 
eee Eighth | Ninth | Tenth | Eleventh | Twelfth | | Daily 
a Week Week Week Week Week {| Gain | Gain 
Ibs. LOG mplos tier User lg alosas /ylueeibss | idbs. 
Bie 29.7 SEs sme PRo a pe becker oo Viet @ ea 1135-9) Her AZ 
ow Boece dO cer mett Ue cing te Oo as 2 Oe 127. |) 2245 
ee: 3327 | 5/26 41.8 46.3 52.0 1870": |e 205 
Bin 38.3 43.4 48.0 5an0 58.3 24) G1 ER oral 
Se 41.8 48.4 Sas, 58.7 61.5 LOR eeie7 0 
ee 40.0 43.5 46.8 5198 56.8 1658 a) =. 60 
Se. 30.0 34.1 36.0 3780 38.8 vent ant lia aoa 
Be 25.6 30.7 B3e2 36.8 SOn0 12.9 46 
Ba eve 2205 24.0 26.0 27.8 8.8 | sh 
Siar. 39.0 43.2 47.5 bo20 58.3 OD ee OG 
Des ol) 4458 48.1 bas) Don 60.0 Lory 54 
B...| 44.4 48.3 51.0 56.7 62.0 L7eOenl® 2 2.62 
pea) Asso 56.7 63.0 70.0 770 wired) 1.01 
or ea ier) Hoga’) 41.9 44.8 50.0 54.5 steered amet) 
ee Cg ame 46.5 50.8 57.0 Toei) stivac57 
ee (ake 0. (at A307 46.5 Slee 56.0 DOO a 58 
lbs. 
sOtaL Sail WLeiterith ee: days) eee. coli oki ewe aes 2570 
Pverave ‘Cdin per! pie hine2s daySs.. «<i. sae. css 16.06 
EUVCrAgeidallyatain Here pig. oc aki cleus fees wn’ ea 
Motaleiced -COMSUITIEC M1928. GAYS. ©. vs ns bs dace cos 682.0 
Average amount of feed consumed per pig....... 42.06 


Feed consumed per pound of gain............... 2.65 


O2 


Showing Feed Consumed 


SEX 


Cphocheunech pe proekesne pho pnepue ene puepuepuce) 
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After Weaning 
Basal Ration Plus Protozyme—2 Per Cent 
: WEIGHT oF Pics By WEEKS 


| Eighth | Ninth | Tenth | Eleventh | Twelfth | 


| Week Week | Week Week | Week | Gain 
Ibs. TERRAIN DUM CR RS 1S pA RR 2 eee Bo 
29.0 31.6 | Soe Boer 1 AUG 11.56 
Zon Pat 3033 3520 40.2 14.9 
27.5 30.0 RIA 6) 50.7 40.7 1ay2 
3307) ona 40.9 45.0 49.3 15.6 
42.0 46.0 48.1 $5.0 56.3 14.3 
29.5 Slee Ae 39.0 42.1 aks) 
Zoo 24.0 26.2 30.0 33.0 9.9 
27.4 30.5 Sou SY (ies) 41.3 13.9 
3020 B07 NO AL 42.6 45.1 10.1 
30.8 34.3 aoa ty 38.0 305 Sek 
3250 S500 39.2: 43.0 49.1 oe 
30.0 Jove OO 2h 38.8 43.4 13.4 
29.5 35.0 KAR 34.8 Sak S22 
27 x2 28.3 30.0 3b. 7 S15 Aus 
22.7 26.0 Pat Het owe Bh | 8.6 
4, Or Pa Lag A Ve is Pe ae 85 oUins hed, 9.5 
lbs. 
‘Total gain ot litter}im:Z8. dayatn nea. soe eee 185.9 
Average gain per’ pig in):28 days... 2252. iee one 1 A 
Average vlaily: gain per Digi ae ee 0.414 
Total, feed consumed ini Zeitayss ee ae 590.0 
Average amount of feed consumed per pig....... 36.8 
Feed‘ consumed per poundtGi paint, i ee a fa 


TABLE OUI 


and Weights Attained During Four Weeks 


Showing Feed Consumed and Weights Attained During Four Weeks 


SEX 


NWDMNNWNNNMNWMNDHNDMNMN 


| Eighth | Ninth | Tenth | Eleventh | Twelfth | | 


After Weamng 
Basal Ration Plus Protozyme—3 Per Cent 
WEIcHT oF Pics By WEEKS 


| Week | Week | Week Week Week | Gain 
Ibs. lbs. lbs. Ibs. Ibs, Ibs. 
30.3 34/3 40.0 ra Ne 46.2 15.9 
2 iee 2913 3455 39.1 42.8 TS 
300 UAC Saito 414 46.1 load 23 
o305 or ay BO) 4 42.0 45.0 its 
33125 S540 40.5 Adis 50.0 lheye: 
20.0 BORO aake 267 20.4 Se as 
38004]: aie |) Breen i nee phe eas 19.0 | 
BO SAU 37 .0 40.4 44.5 13°3.74 
5 ele, 3/u4 42.7 46.5 50.3 14.8 
B70; 7 40.0 45.0 50.0 Sar  AOne 
apes hi asiglan ceo.e 54.7 50.5 21.0 
36.5 Cn ferme bale 49.3 54.0 Wits, 
19.5 22.0 233 22) 2124 1.9 
41.3 45.8 | 49.7 53.3 59.8 18.5 
38.3 Aan 7, 49.5 53.8 SA. 18.9 
26.5000 30.8 So B6aZ 37.8 11.0 
31.4 3730 Sree, 43.0 47.0 15.46 
31.0 3a00 Sue 38.9 43.5 12.5% 4 
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lbs. 
erreoain ot litter 1m 28 days: 2... de. ana pisnsie ete s 265 .6 
Pipeeace Pain Per, Pisin ZO days... .uien dela aks bos 14.75 
fevrerape. daily gain per pig... ss aie eee: vad s A 02523 
WOtal deed consumed in 28: days. ..¢- hasseus >. ss 797.0 
Average amount of feed consumed per pig....... 44.2 
Feed consumed per pound of gain............... 3.00 


‘TABLES 12 


Showing Feed Consumed and Weights Attained During Four Weeks 
After Weaning 


Basal Ration Plus Protozyme—4 Per Cent 


| Weicut or Pics By WEEKS 


S | Eighth | Ninth Tenth | Eleventh | Twelfth | | Daily 
ore™ | Week Week Week Week Week | Gain | Gain 
Ibs. [oot es la see os US Peon TOS: 0) DID SS 
B oe ES) O75 42.5 AOR ic. dOnt LOeh al EL SZ 
See te 4240 46.0 50.4 588 Dons ie toysd' td 11 4G 
Bae HG, 4 16.0 18.0 19.1 1LOesy ct atl ik ale 
Sue 1 25.8 g120 34.2 36.8 40.3 | JAIL ae 2 | 
Rae 928.0 Sie5 oo.7 ae) 40.5 123598 v4 
ne ae 51.0 oo.0 Ov us 40.0 43.2 Tyee ee 45 
B*. | PA at 24.5 Za PF pe 30.0 ee Gun met 
B. 20.0 JPA TT idly wee 25.0 2745 Zo Seal 426 
Eotaiegain Or iter ite Gays. os: sie «.. isob ve es 82.1 
PVGLASe salNeLs Did sil 2 AVS. vale the fs aa stereo 10.26 
Average daily gain per pig.......... Bee ee 0.366 
Noid. feed: CONStMEC 12: 20 CAY Sieh ss denies vee os 253.0 
Average amount of feed consumed per pig....... 120 
Feed consumed per pound of gain............... 3.08 
TABLE 13 


Showing Feed Consumed and Weights Attained During Four Weeks 
After Weaning 
Basal Ration Plus Protozyme—5 Per Cent 


| WEIGHT oF Pics By WEEKS 


ye | Eighth Ninth | Tenth | Eleventh | Twelfth | | Daily 
x | Week Week | Week Week | Week | Gain | Gain 

| Ibs. lbsse ele piolbs: ibs een bse Miler lisies bilbs: 
Se 28.8 Sor | 38.0 Sono 43.0 14,2. ie, 450 
SE Falah Bare. 21.5 23.4 Pe 28.0 TOO et hs 
Shes ie ay 27.0 29.5 2 <4 35.5 ea tee 50 
Doves | Jot 39.4 43.0 47.0 tll ae 19.0 | .67 
Be. SAA 38.5 41.5 45.7 after 20.0 e/a 
Bet; | 5 roa) 3720 40.5 43.2 45.0 125 44 
Sie 34.5 39.0 A2-2 46.0 50.0 15a 0 
| feel a 38.5 42.0 43.5 49.6 16.1 nhs 
Sa | 27.0 31.0 34.0 36.0 39.0 W270) AZ 
Sian 29.5 34.5 37.0 40.2 43.3 1328). 49 
Se ee ee 0 S12 a oa.0) his) 39 .3 bout 43 
Sor W249 26.5 | 28.5 29 .2 PATE, | Deak AM 26 
Octo. eet 30.4 32.8 S520 tain aS. ore Se aalie ol 
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lbs. 
Total gain of; littér im’ Z8 "dager ins. Sc a cesta 176.4 
Average ‘gain per pig in-+28¢days... -4. ease 13.56 
Average daily. gain per pigiesec. es Je2G eae .484 
Total feed’ consumed in\-Z8edays.... .m ee ee 480. 
Average amount of feed consumed per pig....... 36.9 
Feed consumed per pound of gain............... Zifz 
TABLE 14 
Summary of Results of Twenty-One Days’ Feeding Before Weaning 
re] 
& 3 > 
ty oS Oo = b | 
2% | #oe | #.388 | came 
Ba | geo | Sesh 5 | BeBe 
Zo SAA “O00 oh | eee 
Ibs. lbs. | Ibs. 
Lot’ I No Protozyme.).. 9 .60 174 | . 286 
Lot II Protozyme 1%.:.. 16 74 .318 | 43 
Lot III Protozyme 2%.... 16 65 267 | . 406 
Lot IV Protozyme 3%.... 18 74 One | 429 
Lot V Protozyme 4%.... 8 .60 . 190 | ‘S16 
Lot VI Protozyme. 5%... .| 13 .65 286 | .44 


TABLE 15 
Summary of Results of Twenty-Eight Days’ Feeding After Weaning 


& 2 oe 

2 oO S 5.0 Se Spy 2's 

ele S35 | Sashes] Be go 

Zo GAA CAUSA! BOA S 
Ibs. Ibs. | Ibs. 
Lot /.1 No: .Protezymes.<., 9 RAPA 1733 | 53655 
Lot II Protozyme 1%..... 16 6573 152 | 2s 
Lot Il] Protezyme> 2%... . 16 .414 1.29 | - oe 
Lot’ TV Protozyme 37.3 ¢ &. 18 pyes) LF | - 3200 
Lot V Protozyme:4%.. 4. 8 . 366 1213 3.08 
Lot VI Protozyme 5%..... 13 .484 132 202 


The data in these tables, although perhaps indicating that addi- 
tions of Protizyme gave increased gains both before and after wean- 
ing and with less grain per pound of gain after weaning, are too 
conflicting to be of value in drawing any definite conclusions. Sub- 
sequent study of the litters showed that some of them did very 
much better in the feed lot than others. Then, too, during the period 
before weaning, the sows may have differed enough in quantity and 
quality of milk to affect the results greatly. 


Part III 


In the work with shotes being fed for market two lots of Duroc 
pigs, 10 each, about sixteen weeks of age, were carefully selected 
as to size, type, and previous feeding performance. 


EXPERIMENT STATION REPORT 95 


Lot I, weighing 722 pounds was used as a check, being fed only the basal 
ration consisting of standard wheat middlings, 60 per cent digestor tankage 
and shelled corn. 

Lot II, weighing 725 pounds was fed an addition of 3 per cent of Protozyme. 


Both lots were self-fed, the food being weighed in and out of 
the feeders each day. 

Feeding was begun July 12, 1925, and continued until October 
11, when the final weights for the thirteen weeks were taken. Table 
16 shows the results of the feeding of this period. 


TaBLeE 16 
Consumption of Food, Total Digestible Nutrients, Gains and Cost of 


Food and Cost Per Pound of Gain for Period 
July 12 to October 11, 1925 


| LOT I | LOT II 
Feed eae Feed DN: 
Consumed | Consumed Consumed Consumed 
Ibs. | Ibs. IDs. Ibs. 
Middlings ..... 624 463.96 563.5 418.96 
Watikage ...... 229 143.10 2210 138.11 
Con ire | 4,595 3,586.42 4425.0 3,453.71 
Protozyme ‘| ig a al eee ee 156.0 Hey Ghee: cc 
PeOtale sh ue. | 5,448 | 4,193.48 | 5,209.5 | 4,010.78 
Enitialyweicut. 105.0 fa Varela fee 725 
Petia PE WEIR AIUS. aot Penh eee 2,085 tos 
Potaly sain weignt, IDs... . 20.6 1,363 1,408 
Average daily gain per pig, Ibs.. 1.49 1.54 
ED CLAIMOOSE iy cen ie. odes acta crag roe $136.34 $173.54 
OST DEEL A OF OHI wie vo ae oak he $ .100 Sew lvo 
TABLE 17 


Showing Consumption of Food, Total Digestible Nutrients, Gains 
and Cost of Food and Cost Per Pound of Gain for 
Period October 12 to November 8, 1925 


| LOGE | LOT II 
| Feed EID IN Feed | Hei Ni 
| Consumed Consumed Consumed Consumed 
| Ibs. i| Ibs. | Ibs. | Ibs. 
Middlings | PALE § 174.72 | 297. | 220.82 
pean ka mode k. | 68. 42.48 77 | 48.11 
(Csi a um peagecceyte te | 1,930 1,506.38 | 2,145 | 1,674.18 
Protozume ....| SOLO ME se ctene etre Be ht a aren 
aT OtaLe ares | 2,233 | 1,723 .58 ie 2/519 1,943.11 
POIAla WRIGTIL “1D Se ak ea ios) anno 2,085 2493 
inale Weigshter LOS) toss ie > eee. 2,670 2,670 
Total gain in weight, /bs........ 585 537 
Average daily gain per pigs, /bs.. 2.08 1,95 
Ji aye bi Fale CA tg arc oy aa $74.20 $64 .63 


Wostipeta Det Palisa. se tenet $ .126 ® 123 
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After the pigs were weighed on October 11 the feeding of the 
lots was reversed in an attempt to find out whether the addition of 
the Protozyme to the basal ration of lot IJ had had any influence 
on the secretions of the digestive glands of the pigs. Lot I received 
the 3 per cent Protozyme and lot II received only the basal rations. 
Feeding on this basis was continued until November 8. Table 17 
gives the data for this period. 

Cost of Feed—The feeds used in the entire period July 12 to 
November 8 cost as follows : 


Miaddhin gs sion 2 ee ee a $35.00 per ton 
‘Tankage® 2600.0. bi a ee 67.00 per ton 
Corti: ik sie. oe adh, 3 ew ee ce 53.00 per ton 


Protozyme 8) nc ioe eee. .25 per Ib. 


Figures 1 to 4 summarize and compare the results of the entire 
feeding period July 12 to November 8. 


500 


450 


400 


350 


300 


No Protozyme 


\ pion 3 Percent Protozyme ----—---- 


BiG: 


3 4 Fear(s teatiray ala) 9 10) AL 120s 7 Lae US eG mar, 
WEEKS 


CONSUMPTION OF ToTaAL DIGESTIBLE NUTRIENTS 


Peay A 
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A study of these arfd of the cost factors in tables 16 and 17 
indicates the following summary: 


I. That in the first period of 13 weeks, July 12 to October 11, the pigs 
receiving no Protozyme consumed slightly more total digestible nutrients 
than did those receiving Protozyme (Fig. 1.) They gained weight more 
evenly than did those fed Protozyme. (Fig. 2 and 4.) The pigs in lot II 
received 3 per cent Protozyme from July 12 to October 11 made a total gain 
pf 45 pounds or 3.3 per cent over those in the check lot. This gain cost 
12.3 cents a pound as compared with 10 cents in the case of the check, an 
increase of 23 per cent. | 

II. That the pigs fed Protozyme for the period of 13 weeks did not 
seem to lose the power to eat, digest, and assimilate food when deprived of 
that material. (Fig. 1 to 4.) 


WTS. 
LOTS 


No Protozyme 


3 Percent Protozyme -—-- 


Dene owe pie aoe Bevii6 OL: Bs SLO LL) YAe 1S) 2te se LS eG? 
WEEKS 


Fic. 2. Weicuts oF Lots spy WEEKS 
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5 6 ti Bo Tomo LL 12 913) 24: Vio oe 


WEEKS 
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No Protozyme mete ieee se OO 


5 Percent Protozyme ------- 
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Conclusion 


Protozyme fed to shotes increased slightly the consumption of 
total digestible nutrients and the gains in weight, but at an increase 
in cost that makes it doubtful as a practical proposition to recom- 
mend to farmers. 


Study of Protein Selection by Swine 


This project, which was begun in 1924, was carried on during 
1925. As stated in the report for 1925, several years’ work will be 
done on this before making any final report. 

The following plan of feeding was used during the season of 


1925: 


SCHEDULE OF FEEDING FOR PROTEIN EXPERIMENT 


Se a2 
BA s 2 ot ato5 
= ob aS 24 hae 

7 Bee aH SO AZ 
a. z ae 2 2 ate 
5 a D of i oes 
5 bo sep © o0 poe 25 
6 | mz ie Re ke ZO 
| | | 
A 1 | Corn | Corn Corn | Corn 
. Middlings Middlings | Middlings | Middlings 
3 Alfalfa Tankage | Sk Milk Pwd] Fish Meal 
| | | | 
| | 
B A reieCom Corn Corn | Corn 
5 | Middlings Middlings Middlings | Middlings 
6 | Tankage Alfalfa | Fish Meal ~| Sk Milk Pwd 
| | | 
| 
(& 72 | Corn Corn Corn | Corn 
8 Middlings Middlings Middlings | Middlings 
9 Fish Meal Sk Milk Pwd| Tankage | Alfalfa 
| 
| 
D | 10 | Corn Corn Corn | Corn 
Te | Middlings Middlings Middlings | Middlings 
12. | Sk Milk Pwd]! Fish Meal Alfalfa | Tankage 


A Comparison of the Effect of Fishmeal and Tankage on the 
Rate of Growth and on the Texture and Quality 
of the Carcass of Swine 


This project, which is being conducted in cooperation with the 
Bureau of Animal Industry of the United States Department of 
Agriculture and the National Livestock and Meat Board was started 
during the winter with a preliminary study of the effect of fishmeal 
and tankage on the chemical composition of the carcass. This work 
was done by W. C. Skelley with the cooperation of W. T. Russell, 
of the Department of Agricultural Biochemistry. 
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Two lots of pigs were fed for 35 days, one lot receiving corn, 
middlings and fishmeal; the other lot, corn, middlings, and tankage. 
At the end of the period an animal was selected from each lot and 
slaughtered and, with the cooperation of the Department of Bio- 
chemistry, a chemical analysis was made of the shoulder, side and 
ham, to determine the moisture and nitrogen content of the muscle 
tissue. . 

Tables 18 and 19 show the results of the work. No essential 
differences are to be noted between the analyses of the two pigs so 
far as muscle tissue sampled is concerned. 


TABLE 18 
Results of Analysis of Muscle Tissue of Shoulders, Hams and Sides 
| FISH MEAL TANKAGE 


| Moisture |Nitrogen*| Protein | Moisture|Nitrogen*| Protein 
per cent | percent | percent | per cent | percent | percent 


Shoulder: 2s... 0.<13) 04.00 4.16 25.97 65.17 4.31 26.92 
SIS a es eh eae 43.05 4.59 28.71 38.70 451.74. Zara 
BLA Wey aE reas 65.25 4.65 29.04 64.15 4.54 | 28.40 
*Nitrogen was taken on Dry Basis. 
TaBLe 19 
Results of Analysis of Food Consumed 

| Corn | Middlings | Tankage | Fish Meal 

Protein Content ...... rieioy 16.82 58.8 56.9 


Hogging Down Corn 


Lot N, consisting of 3.12 acres, was planted to Reid’s Yellow 
Dent corn, the seed being dropped about 15 inches apart in rows. 
The last week in November one-half of the field was cut, shocked, 
husked, and the corn and stalks hauled to the barns and weighed. 
On the 1.56 acres thus harvested, 6615 pounds of ear corn were 
produced or an average of 60.6 bushels of shelled corn per acre. 

On November 2, 1925, 16 pigs weighing 2830 pounds were 
placed in a’ pen and this corn was fed to them by hand. Tankage 
was fed in a self-feeder. The corn was fed out November 28. 
The pigs consumed 150 pounds of tankage. 

A second lot of pigs, 16 in number, weighing 2855 pounds, was 
placed in the remaining 1.56 acres of standing corn to “hog it 
down.” ‘Tankage was fed to them in a self-feeder. By November 
28 they had cleared the field and 140 pounds of tankage. 

Table 20 shows the details of the trial. 
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The data in table 20 favor the pigs which were hand fed. It 
must be remembered, however, that the element of cost is not 
shown. 

TaBLe 20 


Detals of “Hogging-Down” Corn Trial 


LOT I | LOT II 
Hand-Fed | In Field 
| lbs. | IDs. 
SME OIPSUTICd Petes cans sae eis ewied ee 6615 6615* 
et OM ts ft shiiitag wR sss ats ea es 150 140 
Chslovietl SIGUA 2 Ae Se ev ae a 2830 2855 
cee tice? 530) ons e ene 3770 | 3610 
SEGRE AIM i cas tee ok hone cds as cs a 940 755 
miverage dally ain per pig)... sok eee es rae nt 1.81 


*This figure is, of course, only an estimate and is assumed because of the 
evenness of the stand of corn over the entire field. 


At the time of this trial, pigs were selling in New Brunswick 
at 14 cents per pound. On this basis the two lots produced, during 
the 28 days, the following: 


ay ba 407 oeve some Dain oe cee yh Mere eens 4). $131.60 
Bem roe Done. | A eee ic teat ae ote alba s vie'hiy acs $105.70 


Against the $131.60 worth of gain produced by lot I must be 
charged the cost of harvesting the corn, and the labor of feeding, 
which was as follows: 


Man Hours Team Hours 


Harvesting, hauling and storing corn and stalks.... 100 16 
PereC yer eins via ae we ete Oe dr is id oe he eg 14 
PERN een Reto aye fa Parke oe Note utes rece 4 114 16 
.40 per hr. .60 per hr. 
$45 .60 $9 .60 
9.60 
$55.20 


When this total is subtracted from the gross returns of lot I 
the net return from this lot is only $76.40. On this basis, lot IT 
saved in labor the difference between $105.70 and $76.40 or $29.30. 
In terms of man and team hours, 52 per cent, or 52-man hours, 
and 8.3 team hours were saved. 


Report of the Department of Biology 


THurRLow C. NELSON 


INTRODUCTION 


The work of the past year has been a continuation of earlier 
studies of the department with especial attention to the relation 
between temperature and spawning of the oyster and the effects 
of weather conditions upen the oyster larvae. It has been possible 
to fix more closely than ever before the “latent period” required 
after the water reaches a temperature of 20°C. (68°F.) before 
spawning begins. It is now possible with a fair degree of accuracy 
to predict from the temperature record when spawning will begin 
in Barnegat Bay. 

True to their promise of last year the two largest planters in 
Barnegat Bay held their shells on the bank until told when to put 
them overboard. As a result, over 100,000 bushels of shells were 
planted just before attachment occurred, and set heavily. Unfertu- 
nately, however, practically all of this set died within 24 to 48 
hours following attachment. 

Dr. George W. Martin, of the department of botany of the 
University of Iowa, spent a part of the summer of 1925 at the 
laboratory engaged in a study of the comparative food values of 
seven species of organisms eaten by the oyster. The results of this 
work have been published in a bulletin from this station.! 

By feeding the organisms in pure culture it was demonstrated 
that the oyster will grow more rapidly when fed upon some than 
upon others. In no case, however, did growth in the experimental 
aquaria even approach the growth of spat which were living upon 
a mixed diet under natural conditions. 

Mr. Dumont at the Bivalve Station directed the planting of some 
200,000 bushels of ‘shells upon the state beds in Delaware Bay and 
during the autumn and winter studied the shell movements of 
oysters at low temperatures and at low specific gravities. His re- 
sults will be published elsewhere. 

The more important of the findings of the year are as follows: 


WEATHER AND WATER CONDITIONS 


As shown in the report of this department for 1924 the accu- 
mulated deficiency in rainfall from 1912 to 1923, inclusive, was 
45.42 inches. The first half of 1924 produced an excess of rain 
which was more than balanced by the deficiency of the second half, 
October being the driest month on record. The total year’s rain- 


1G. W. Martin 1926 Utilization of food by young oysters. N. J. Agr. 
Exp. Sta. Bul. 442. 
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fall for the state was 1,71 inches below normal, bringing the accu- 
mulated deficiency since 1912 to 47.21 inches, approximately 2 
inches in excess of the normal rainfall for an entire year. For 
the portion of the Sea Coast area, which embraces Barnegat Bay, 
the close of the year found a deficiency of 11.35 inches. 

The year of 1925 continued the subnormal precipitation with 
4.39 inches below normal for the state as a whole, bringing the total 
deficiency since 1912 to 51.7 inches. In the Sea Coast area the 
deficiency was approximately double this amount. The first five 
months of 1926 show a deficiency of 4.54 inches for the state as a 
whole. 

Since the specific gravity of the water bears important relations 
to the setting, food, and growth of oysters, the following very sig- 
nificant paragraph is copied from the Annual Summary for 1925 
of the Climatological Data of the Weather Bureau, New Jersey 
Section (7). : 

“The past 20 years has shown an accumulated lack of precipita- 
tion throughout the state of 90 and more inches, from that of the 
preceding twenty-year period. While this has no climatic signifi- 
cance, it is an important fact to be considered in engineering inves- 
tigations of stream flow, ground water level and water supply.” 

It must be pointed out that the recent developments of the seed 
producing areas in Barnegat Bay and in the Mullica River have 
occurred since 1917, over a period of notable lack of rainfall. 
Should there be a return to a period of years of normal or of excess 
rainfall, conditions in these areas would be subject to marked 
changes. | 

The weather during the spawning season was about normal, 


save for the first week of June during which all records of the’ 


Weather Bureau were broken, with temperatures from 15 to 17°F. 
above normal. With air temperatures between 90 and 100 F. every 
day from June 1 to 7, the bottom waters of Barnegat Bay rose 
from 18°C. on May 31 to 29°C. by June 7. 


TEMPERATURE AND SPAWNING OF THE OYSTER 


There is general agreement among investigators that spawning 
of the American oyster (Ostrea elongata) occurs only after the 
temperature of the water has reached 20°C. (68°F.) and has main- 
tained it for some time. Our problem has been to determine so 
far as possible how long a latent period must elapse after the tem- 
perature has reached 20°C. before spawning commences. Also it 
is necessary to determine whether a high temperature above 20°C. 
extending over a short period will induce spawning more readily 
than will a lower temperature maintained over a longer period. 

Temperatures were determined (1) by the thermograph on Bar- 
negat Pier from which a continuous temperature record was ob- 
tained, and (2) by taking bottom temperatures with an immersion 


2Ttalics by the author of this paper. 


Pres? 
PLATE 1. SHELLS READY FOR PLANTING 


Portion of 100,000 bushels of shells on the shores of Barnegat Bay awaiting 
word that oyster larvae were abundant in the water. 


(Facing page 104) 
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thermometer over the several beds on the bay. In 1924 the water 
temperature prior to June 15 remained below 20°C., except for 
two hours on June 7 when it registered 20.5°C. from 5 to 7 p. m. 
In 1925 the water temperature prior to May 30 remained below 
20°C., except from 2 p. m.' May 23 to 4 p. m. May 24, during 
which time it rose to a maximum of 21.4°C., averaging 20.8°C. 
for the period. 


The actual spawning of the oysters was not observed during 
either year. The probable time of spawning has been computed 
from: (a) periods of sharpest temperature rise after reaching 
20°C.; (b) the time of day; (c) the stage of the tide; (d) the stage 
of maturity of the oyster larvae taken on the following day in 
plankton samples. 


The long continued observations of J. Nelson have shown that 
after the spawning tempereature has been attained a sharp rise in 
temperature is followed by spawning. The author’s observations 
confirm this and show furthermore that spawning is most apt to 
occur between late afternoon and midnight and during the flood 
tide. 

Sharply rising temperatures induced by transferring ripe oysters 
to shallow water or to a float where they are exposed to the full — 
glare of the sun will usually induce spawning within a few hours 
{T. Nelson Rept. for 1921, Prytherch (6)]. The author has ac- 
tually observed or has recorded on a kymograph natural spawning 
of the oyster on five occasions. In each instance the process took 
place late in the day during the late flcod tide and with a rising 
temperature. Upon finding the earliest shelled veligers in the plank- 
ton we are justified, therefore, in fixing the spawning time by trac- 
ing back approximately 24 hours to a period when a sharply rising 
temperature coincides with the late flood tide. 

Plankton samples taken in June, 1924, indicate that spawning 
of the oyster occurred on the nineteenth or early on the twentieth. 
Examination of the thermograph record (fig. 1) shows an increase 
in temperature at the bottom of Barnegat Bay from 22.6°C. at 8 
p. m. of the nineteenth to 23.9°C. by 1 a. m. of the twentieth. The 
tide commenced to flow approximately at 9 p. m. of the nineteenth, the 
late flood thus coinciding with the time of maximum temperature 
and of temperature rise. Midnight of the nineteenth is taken, 
therefore, as the time of spawning in 1924. The actual tempera- 
tures between 10 p. m. of the nineteenth and 2 a. m. of the twentieth 
varied from 23 to 24°C. 

In 1925, plankton samples indicated that spawning commenced 
on June 3. On this date the temperature of the water at the bottom 
rose from 23.2°C. at 8 a. m. to 26.1 at 6 p. m. The tide began 
rising at 3 p. m., with high tide at 8:30 p. m. Spawning occurred 
probably, therefore, approximately at 6 p. m. A brilliant sun 
which had shone all day makes this time even more nearly certain. 
The actual temperatures between 2 p. m. and midnight this date 
were between 25 and 26°C. 
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If midnight June 19, 1924, and 6 p. m. June 2, 1925, are taken 
as the probable hours at which spawning commenced among the 
oysters in Barnegat Bay, it will be seen that the latent period be- 
tween the time when the temperature first reached and maintained 
20°C. and the onset of spawning, was 96 hours in 1924, and 73 
hours in 1925. During the latent period in 1924 the temperature 
was at 20°C. or above during 84 hours for a total of 157.4 degree 
hours. In 1925 the temperature was above 20° C. during 64 hours 
for a total of 166 degree hours. Based upon the data for these 
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Fic. 1. Resutts oF WATER EXAMINATIONS MADE BETWEEN BARNEGAT 
PIER AND THE MoutH oF CEDAR CREEK DURING THE SUMMER OF 1925 


Upper group, small heavy circles, temperature of the water from which the 
plankton samples were pumped, in degrees Centigrade. Middle group, medium 
light circles, specific gravity of the water from which the oyster larvae were 
procured. The figures represent specific gravity at 17.5°C., referred to dis- 
tilled water at the same temperature; all readings being taken in the laboratory 
with Knudsen hydrometers. Lower group, large circles, the logarithms of the 
numbers of oyster larvae of all sizes per 100 liters of water pumped from all 
depths at the several stations. Circles which fall between 0—1 represent from 
0—9 larvae per 100 liters; from 1—2 represent 10—99 larvae, from 2—3 repre- 
sent 100—990 larvae, from 3—4 represent from 1000—9990 larvae, and 4 or 
above represent 10,000 or more larvae per sample. The solid black circles 
represent those samples in which mature oyster larvae bearing pallial eyes 
formed a portion of the total catch. The small heavy circles represent the 
logarithms of the numbers of spat which attached to the inner faces of test 
shells during the preceding 24 hours. 
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two years it would appear, therefore, that the latent period after 
reaching 20°C. before spawning occurs, is approximately 160 degree 
hours. 

It must be understood that the temperatures given were taken 
in the deeper water of the bay; 3 meters for the thermograph and 
2 to 3 meters for bottom samples of water. Oysters on shallow 
flats exposed to bright sunlight were no doubt raised to somewhat 
higher temperatures at times, though likewise exposed to lower 
temperatures with the rapid chilling of the shallow waters each 
night. Since with the ebb and flow of the tide, water from the 
flats passed the bulb of the thermograph with every tide the tem- 
perature record as obtained from the thermograph is considered 
fairly typical of the temperature picture of the bay as a whole. 


FURTHER STUDIES OF THE OCCURRENCE AND 
BEHAVIOUR OF OYSTER LARVAE 


In figure 2 are given the data obtained during 1925 at the sev- 
eral collecting stations lying between Barnegat Pier and the mouth 
of Cedar Creek. As numbers of oyster larvae taken per 100 liters 
(roughly 100 quarts) of water varied from 2 to 18,300, in order 
to bring these numbers into the compass of the chart a logarithmic 
plot has been employed. It will be seen from this record that 
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Fic. 2. VERTICAL DISTRIBUTION OF OysTER LARVAE AT STATION 1, 
on four different days when preceding calm weather permitted stratification 
of the water to occur. The specific gravity figures represent the water at 
17.5°C. referred to distilled water at the same temperature. 
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larvae first appeared in numbers on June 4 from the spawning of 
June 3. The two larvae found on June 2 were apparently from a 
few oysters in very shoal water which had spawned as a result of 
the extreme heat. 


Large numbers of larvae appeared by June 7 and on the eleventh 
the first eyed larvae were taken. As explained in the report of 
1925, within approximately 24 hours of setting, the mature oyster 
larvae develops near the center of the mantle on each side a large 
black pigment spot, known as the pallial eye. The appearance of 
this conspicuous structure indicates that setting is imminent. Eyed 
larvae did not appear in numbers until June 14. 


It will be seen from figure 1 that with the exception of one 
sample taken July 15 all eyed larvae occurred between June 11 and 
27. The sudden burst of hot weather in early June resulted in 
earlier spawning than normal and in the quick maturing of the 
larvae. A second wave of spawning occurred July 7 as shown by 
the large numbers of straight hinged larvae taken on the eighth. 
Figure 1 shows that these numbers rapidly diminished and that at 
the time of the expected set, July 20, only a few remained and none 
of these was mature. The heavy toll of oyster larvae with reduc- 
tion from numbers in excess of 16,000 to 0 was brought about as in 
1923 (6) chiefly through the inroads of the ctenophore jelly fish 
Mnemiopsis leidyi. These animals literally swarmed in the water 
from July 4 till late autumn and through their activities all forms 
of plankton life were very greatly reduced in numbers (4). 


THE VERTICAL DISTRIBUTION OF OYSTER LARVAE 


In any study of the abundance of oyster larvae it is of first im- 
portance to determine the vertical distribution of the veligers at any 
given point. Unless this is done comparison of the relative 
abundance of larvae at one place with that at another has little 
value. Even where samples are taken close to the bottom and at 
the surface or at any other uniform depth at the several regions, 
our experience shows that the vertical distribution of the larvae 
must be determined before an even approximately true picture of 
the abundance of the larvae can be secured. 


To give a concrete example: At Station 1 (northeast corner 
Sloop Creek Natural Bed) at 9 a. m., June 9, with strong flood 
tide 50-liter samples were pumped from depths of 2/0.2, 1.8/0.4, 
and 1.6/0.6 meters. In these figures the first represents the dis- 
tance from the surface to the intake of the-hose. The second 
number represents the distance from the intake to the bottom, the 
sum of the two being the total depth. At the first depth, 0.2 meter 
(approxiamtely 8 inches) above the bottom, with a temperature of 
23.3°C. and.a specific gravity of 1.0189, only 54 oyster larvae per 
100 liters of water were found, together with a few snail and 
Teredo larvae. Immediately after this sample was taken, the hose 
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was drawn up 0.2 m., putting the intake 0.4 m. or nearly 16 inches 
above the bottom, and a second sample of the same size was pumped 
up. Here in water with a temperature of 23.7°C. and a specific 
gravity of 1.0165 there were found 12,550 oyster larvae together 
with swarms of snail larvae. In other words, raising the hose 
intake a little over half a foot, made all the difference between 54 
and 12,550 in the numbers of larvae procured. At 1.6/0.6 meters 
with a temperature of 23.7°C. and a specific gravity of 1.0144, 
9,050 oyster larvae were found. ‘lhe largest numbers occurred, there- 
fore, in the water of lower specific gravity which lay immediately 
above the water of higher saline content which was creeping up along 
the bottom of the bay with the flood tide. ‘The relation between 
the density of the water and the vertical distribution of the oyster 
larvae is well illustrated in figure 2, which shows conditions as 
found at Station 1 during calm weather when absence of wind 
and wave action permits stratification of the water to take place. 


As was explained in the Report for 1925 (5), this reaction of 
the oyster larva in rising above the area of maximum density re- 
sults in its being carried farther toward headwateres during the 
flood than it is carried seaward on the ebb, because of the tendency 
of the water to mix through wave action or eddies, resulting in 
relatively little stratification during the ebb tide. 


SETTING 


As in former years, the time and the intensity of setting were 
determined by placing two shells in a wire basket at each station, 
and replacing these by a new pair of shells every 24 hours. The 
baskets are made like a wallet, holding the oyster shells so that 
one faces up and the other down when the basket is returned to 
the bottom. For ease and accuracy in counting, the concave or 
inner faces of the shells only are used, although frequently the 
outer surface may bear many spat. 


It is of interest to note how much more heavily the inner sur- 
face of the shell catight when it was facing downward than when 
it was facing upward. Of 23 pairs of shells which caught spat at 
the several stations, those facing upward collected a total of 555 
spat, or an average of 24 per shell. The 23 shells which faced 
downward caught a total of 6,520 spat, an average of ‘283 spat 
per shell. A shell thrown overboard in the process of shelling al- 
most invariably falls with the inner surface facing upward, and as a 
result it soon accumulates a coating of mud. The effectiveness of 
the more desirable surface of the shell is, therefore, greatly reduced 
even within 24 hours. Added to this, must be the fact already 
brought out in our reports for 1925 (4) that the concave face of 
the shell when downward creates an area of still water protected 
from light where the larvae find conditions most favorable for 
setting. 
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Although it is hardly proposed that the oyster planter place each 
shell on the bed inner side facing downward, the value of the 
inner face of the shell could largely be conserved if the shells were 
planted in windrows rather than being broadly scattered (2). 

In figure 1 are given the Idgarithms of the numbers of spat 
collected during the preceding 24 hours on the inner surfaces of 
two shells put down at three stations in Barnegat Bay. It is inter- 
esting to note how closely the duration of setting parallels the 
period during which eyed larvae were found in the plankton col- 
lections. This close correlation serves us with an excellent guide 
to the duration of setting; attachment may be looked for within 
approximately 24 hours of the appearance of the pallial eye in any 
considerable proportion of the mature larvae, and cessation of set- 
ting is due within approximately the same period after the disap- 
pearance of eyed larvae from plankton collections. 


THE DEATH OF THE 1925 OYSTER SET 


For the first time since beginning our work here in 1921, the 
oyster growers cooperated with us on a large scale in the planting 
of shells. In every case the shells were put out just prior to the 
time of the expected set; the bulk of the shells being overboard by 
June 13. As a result of this fortunate timing of shelling together 
with the very large sets which struck June 15 and 21 a heavy catch 
of spat without doubt the most-extensive and valuable set which 
has occurred since 1921 was secured. 


Examination of commercial shells showed, however, that the 
great majority of spat failed to grow following attachment, the 
shells becoming snowy white in contrast to the deep reddish purple 
color of the normal healthy spat. Further examination proved 
that most of the spat had died within a few hours of attachment 
without making any new (dissoconch) shell growth. A very few 
produced shell to approximately the diameter of the larval shell, 
when they too died. Samples of shells dredged up through July 
and August showed not over two or three living spat to a bushel of 
shells out of the thousands of spat which had attached. 


In only one small spot in all of the area of upper Barnegat 
Bay did the spat live in any considerable proportion and this was 
at the shell loading pier of the Grant estate in Cedar Creek. Through 
the kindness of Mr. Grant, approximately half a bushel of shells 
with numerous healthy growing spat were collected at. this point 
and were used by Dr. G. W. Martin in his experiments on feeding. 

The cause or causes of the almost universal mortality of the 


spat over Barnegat Bay are at present unknown. The following 
possible causes may be ruled out: 


1. Unfavorable salinity of the water. Examination of figure 1 and com- 
parison with similar figures in the reports for 1924 and 1925 show that there 
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were no essential departures from normal in the specific gravities obtained 
during this last year. The living spat taken in Cedar Creek were growing in 
water of nearly the same specific gravity as that occurring over the large 
planting grounds at Barnegat Pier where almost universal death of the spat 
occurred. 

2. Parasites or other enemies. The oyster drills Urosalpinx and Eupleura, 
although abundant off the mouth of Cedar Creek, are absent from the beds 
lying between Sloop Creek and the mouth of Toms River. Careful’ search 
failed to show any sign of holes in the shells of the dead spat, in fact, in most 
instances the valves were tightly closed, showing that destruction had come 
from within. Microscopic examination failed to show the presence of parasitic 
protozoa or other enemies of minute size. The fact that spat brought from 
Cedar Creek lived well in the very midst of the scene of greatest mortality is 
further evidence against destruction by enemies. 


3. Smothering by mud or accumulated eel grass. Wholesale destruction of 
spat through this cause together with low oxygen content was reported by 
Churchill and Gutsell (1) as occurring in Great South Bay in 1921. No such 
cause can be assigned here, since floating eel grass was not present in larger 
amounts than in former years and much of the shelling was done on hard 
sandy bottom. An experimental platform raised 7 inches above the bottom at 
Station 1 caught heavily with spat, but these died as did those on the beds. 
Tests showed the hydrogen in concentration to be close to pH 7.7, after making 
correction for the salt error with Cresol Red. 


4. Injury due to high temperatures. As already explained the high tem- 
perature of the first week in June heated the waters of the bay from 18 to 29°C. 
Although the latter temperature is unusual for Barnegat Bay, the author has 
found temperatures as high as this and even higher in Huey’s Creek, Little 
Egg Harbor, when excellent sets of oysters occurred. It must be noted also 
that abnormally high water temperatures did not occur after July 7, and that 


larvae spawned after that date could have not have been affected except in 
ihe egg stage. 


One possible explanation is presented. Examination of the 
oysters during May showed that the eggs were maturing slowly, 
probably because of the unusually cool weather which occurred during 
this month. At the time of spawning, the majority of eggs showed 
relatively large nuclei and incomplete yolk deposition indicating that 
maturity of the majority of the eggs had not been attained. The 
sudden burst of extremely hot weather may have caused the oysters 
to spawn prematurely with consequent weakening of the larvae. 
It is significant that the mortality of the spat occurred at the two 
periods in their life when they are most susceptible to unfavorable 
influences; at the time of attachment, and: during rotation with the 
accompanying adjustment to a fixed habit of life. Should this sup- 
position prove to be correct, the survival of the spat in Cedar Creek 
may be shown to be due to the more nearly normal maturing of 
the eggs of the oysters there because of clear shallow water which 
would permit the passage of a portion of the sun’s rays through to 
the molluscs, thus raising their temperature during the cool weather 
in May somewhat higher than that of the oysters of the bay. It 
must be understood, however, that the above is offered not as an 


explanation, but as the most plausible hypothesis which is presented 
at this time. 
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MISCELLANEOUS 
The Bayhead-Manasquan Canal 


After many years of intermittent digging, the canal from Bay- 
head to the Manasquan River was opened December 15, 1926. 
Manasquan Inlet was closed when examination was made of the 
waters of the canal and at Bayhead on April 2. A strong current 
was flowing into Barnegat Bay with a speed of approximately 0.3 
miles per hour. 

The following samples were taken; specific gravity referred to 
distilled water at 17.5°C. 


Johnsons Boatyard, near southern end of canal.......... 1.00368 
50 yards downstream. from this point teen. es <i. . san ee 1.00311 
At end: W.. Lake St Bayhead won. ssmecteuies ic 2c oe 1.00292 
N; E. corner’ Barnegat Bay, Bayineaa.oc.ee aloe 1.00291 
100 yards downstredimy = %o\a space nen cine ae. eee 1.00301 


What conditions would prevail at Bayhead should Manasquan 
Inlet be kept open cannot be predicted at this time. It is believed, 
however, that the hopes of some oyster growers that appreciable 
areas of upper Barnegat Bay would be opened to oyster culture are 
without foundation. The chief result at this writing of connecting 
the two bodies of water has been to add the Manasquan River to 
the tributaries of upper Barnegat Bay. 


Solid Fill Across Barnegat Bay 


In July a hearing was held in Seaside Park at which the War 
Department considered the application of the Pennsylvania Railroad 
to fill in most of the trestle over Barnegat Bay, between Seaside 
Park and Barnegat Pier. Much opposition to this was voiced by 
oyster growers and yachtsmen who pointed to Manasquan as an 
example of the rapid shoaling of the water which follows introduc- 
tion of solid fill across a tidal estuary. From data based upon the 
records of our self-registering tide guage, we were able to show 
that the engineers of the railroad had miscalculated the tidal move- 
ments and the amount of water which at times may flow under this 
bridge. The railroad withdrew its application. 


SUMMARY 


The feeding of organisms in pure culture to young oyster spat 
by Dr. G. W. Martin shows that some have a distinctly higher food 
value than others. 

The deficiency in precipitation from 1912 to the end of May, 
1926, amounts to some 56.1 inches. Should normal or excess pre- 
cipitation develop in coming years, the seed-producing areas of 
Barnegat Bay and the Mullica River, which were largely developed 
during this period of low rainfall, will be subject to much change. 

A continuous recording of the water temperatures of Barnegat 
Bay correlated with the spawning of the oyster has shown spawning 
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to occur approximately 160 degree hours after the temperature has 
reached 20°C. (68°F.). 

Qyster larvae appeared in numbers by June 4 and began to 
set July 14, as high as 3,000 spat being found on some test shells 
down 24 hours. 

Further studies of the vertical distribution of oyster larvae show 
that the veligers are most numerous in the region of less dense 
water, which lies immediately above the water of highest saline con- 
tent that creeps up along the bottom of the bay with the flood tide. 

The very heavy set on the commercial shells, the most exten- 
sive and valuable obtained since 1921 died almost without exception 
within 24 to 48 hours. The causes of this mortality are at present 
unknown. 
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Report of the Department of Chemistry 
CHARLES S. CATHCART 
INTRODUCTORY 


The laws of the State of New Jersey regulating the sale of com- 
mercial fertilizers, agricultural lime, insecticides, and commercial 
feeding stuffs prescribe certain work to be performed by the depart- 
ment of chemistry. This work is of sufficient quantity to require 
practically the enttre time of the chemists assigned to the department, 
and on account of this condition the annual reports for the past years 
have necessarily been along the same general lines. 

During the year ending June 30, 1926, the various inspections 
have been made and duly reported. In addition to the work required 
by the inspections, the department has cooperated with the other 
departments insofar as time would permit. The department was also 
called upon to establish a branch laboratory in south Jersey for emer- 
gency work, caused by the arsenic residue on apples. The detailed 
report on this work will be given under the section entitled, “Inspec- 
tion of Insecticides.” 


ADMINISTRATION 


Under the present conditions it is not possible to make the various 
inspections continuous during the entire year, and, with the exception 
of the inspection of feeding stuffs, it would not be practicable to do 
so. It would be very advisable, however, to have the feeding stuffs 
inspection extended over a longer period than is possible at this 
time. In order to make the inspections as thorough as possible it is 
necessary to prepare a time schedule for the various inspections. By 
following this schedule during the past fiscal year, the various inspec- 
tions were completed. This. was made possible by the faithfulness 
of each member of the department. 

All of the laws regulating these inspections require: (1) an 
annual registration of the brands to be offered for sale; (2) an annual 
inspection of the materials found on the markets; and (3) the pub- 
lication of the results obtained. In addition to these requirements, 
the fertilizer law and the feeding stuffs law do not permit the lower- 
ing of the standard of a brand after it has been once registered and 
these two laws also require the manufacturers or brokers to render 
two tonnage reports during the year. The detailed work necessary 
to take care of the registrations and tonnage reports is quite consider- 
able, but the records are very valuable for immediate and future 
reference. 

The following will show the number of registrations that were 
made during the year and for which certificates were issued after 
proper records had been made: 
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Fertilizer registrations ics ofa, pgs te ee oe 1381 
Lime registrations ics.) ese 6 ote nn oe se 89 
Insecticides. registrations” yo. Pes Piss tres sa 2 os a a ee 311 
Feeding stuffs registrations 4. nec ope «gate eee Zeek 

Total number’ of: registrationS. 0.5 2.%.. 25 se 0 8 wen ees 4902 


During the year a total of 2704 samples were examined and duly 
reported. ‘The reports on the samples drawn by our inspectors were 
submitted to the manufacturer responsible for the material and also 
to the purchaser. The reports on the unofficial samples were for- 
warded to the party sending the sample. 

The results secured during the year were published in Bulletins 


422, 424, 426, 431, and 435. 


INSPECTION OF COMMERCIAL FERTILIZERS 
DURING 1925 


The complete detailed reports of the,1925 fertilizer inspection 
were published in Bulletins 413, 422, and 426. 


Registrations 

The law requires the manufacturers and brokers dealing in fer- 
tilizers and fertilizer materials to make an annual registration of 
the brands they will offer for sale. In accordance with this require- 
ment during the fiscal year ending October 31, 1925, 136 manufac- 
turers and brokers registered 1381 brands of mixed fertilizers 
and fertilizer materials. ‘The registrations were due on November 
1, 1924, and the required publication of the registrations was prepared 
under date of January 21, 1925, and published as Bulletin 413. The 
publication of these registrations could not be deferred to a later date 
if it was to be of any value to the purchaser, but at that date we had 
received less than two-thirds of the registrations. The registrations 
that were received after January 21 were tabulated in Bulletin 426. 

Reports of Tonnage 

The manufacturers or parties responsible for the sale of fertilizers 
in this state are required to render on April 1 and November 1 of 
each year a certified report of the tonnage sold during the preceding 
months. ‘Table 1 shows a summary of the tonnage sold during the 
last 10 years. 

TABLE 1 
Summary of Tonnage Reports 


April Reports November Reports 
Year | Mixed | Fertilizer | Mixed | Fertilizer | {0% tor 
Fertilizers | Materials | Fertilizers | Materials © ue 
tons tons | tons. | tons | tons 

1916 ek eee 61,368.88 | 9,032.68 52,328.81 7,069.70 | 129,800.07 
yn Pe nee ee pe 86,840.44 9,146.80 74,231.13 6,264.73 | 176,483.10 
TOUS. 4 reas ree: 90,371.85 6,544.66 51,404.20 4,877.90 | 153,198.61 
1919 6 Siren eee 94,463.07 6,264.86 43,594.97 5,162.15 | 149,485.05 
LOD at cace empeiee 87,942.01 6,452.28 64,847.51 5,379.13 | 164,820.93 
LOB be ae ees 102,834.88 | 12,851.19 | 42,501.83 | 5,298.66 | 163,486.56. 
ARS beat ek Besar tala | 95,929.95 11,550.61 | 60,362.74 |-. 8580.22 | 176,423.52 
O78 oe eee cee ie 7807-43... 10 963.42 60,085.96 | 8,309.56 | 157,496.67 
BOD ee aa 79,011.47 14,092.74 52,284.11 |. 7,438:/0 |) 152.827 2 
i Sd a a Pe Seen ee | 71,745.08 13,989.92 | 53,385.75 | 7,566.06 | 146,686.82 
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Rules and Regulations 

In accordance with the law the state chemist has authority to 
make rules and regulations relating to the inspection, analysis, and 
sale of fertilizers. During the past years it has been necessary to 
make certain rules and regulations which have been published several 
times. During the year 1925 no special rulings were made. 

The ruling which was made effective November 1, 1923, relating 
to a deficiency in the commercial valuation due to the composition of 
the material delivered has produced good results. The records tor 
this year show a smaller percentage of deficiencies and, also, a smaller 
number of shipments that did not have the commercial valuation 
claimed. This year a total of 106 shipments made by 34 manufac- 
turers had a commercial valuation that was not substantially equal to 
the valuation of the guaranteed products. These shipments consisted 
of 71 commercial fertilizers and 35 fertilizer materials. The parties 
responsible for the products refunded to the purchasers the suum of 
$1450. For the year 1924 the reports show that 142 shipments made 
by 42 manufacturers were deficient in the commercial valuation and 
that the purchasers received a refund of $2200. This condition is 
an improvement over the one reported last year, since the object 
of the ruling is to secure for the consumers the plant-food guarantee. 
Wholesale Prices of the Essential Elements of Plant-Food 

for 1925 

The wholesale prices of the unmixed or raw materials used in: 
preparing mixed fertilizers are quoted weekly in the trade journal, 
“The Oil, Paint and Drug Reporter.” . In order to express the figures 
given as prices per pound of actual plant-food, which is the form 


TABLE 2 
Wholesale Cost, Per Pound, mn New York, of Essential Fertilizer 
Elements 
NITROGEN IN THE Form oF |'3 &|PoTASH IN THE FORM OF 
ie tet Cea SN Bee Pe re NE 
Months ue gg SEG b = 
1925 oa |. a ce cs ae er hae ead Ca v 

aes, hee a, pets sop ete. ime. bla) See 

3 ne (ayee OR al QO.) aA W104 MM aw 

cents| cents| cents| cents| cents| cents| cents| cents| cents| cents 

area y, ok, Ax; 16.56/13 .42|21.86|/34.30/21.52| 2.81) 3.42| 4.72] 3.66} 3.14 
ReerUary vor ws cys 5 17.01}13 .42|21 .86|34.30)22.72| 2.81) 3.42) 4.72) 3.66| 3.14 
icmein Sei ceca 17.04/14. 39/21 .62/34.30/21.37| 2.81| 3.42) 4.72) 3.66) 3.14 
BMT SIHGW a die oly a sce s 16 .84|14.34)22.10/32.12|22.04| 2.81] 3.42} 4.72| 3.66| 3.14 
SAME acs de « 16.69/13.97|22.10/27 .93|21.82| 2.95| 3.42| 4.72] 3.66! 3.17 
OO a rr 16.18/13 .42/21.49|27 .63|20.28| 3.00| 3.42] 4.72| 3.66, 3.17 
ce ae 115:77|13 .42|23 .22|29.75|22:40) 3.00) 3.42) 4.72| 3.66] 3.17 
To OT 15.7613 .56|23.92|31.57|24.04| 3.00] 3.42) 4.72} 3.66| 3.17 
September ...... 16.02|14.05|24.90/30.36]25.14| 3.00) 3.45| 4.72| 3.70) 3.30 
ret OCewyed...-.. 16.28|14.40/24 .90|28.60|26.11| 3.00) 3.46! 4.72) 3.75! 3.34 
November ...... 16.53}14.40/24.29|28.11/25.56| 3.00} 3.46] 4.72] 3.75| 3.34 
Deeciinerids 6.25: 116.79|14.40|24.59|28.84|25.80| 3.00) 3.46) 4.72) 3.75) 3.341 
Average, 1925 ...|16.46|13.93/23.07|30.65|23.23| 2.93| 3.43] 4.72] 3.69] 3.21 
Average, 1924 ...|15.84]13.04/21.07/29.51|19.42| 2.46] 3.18] 4.39] 2.93] 2.63 
Average, 1923 ...]16.02/15.31!25.61|29.98/23.59] 2.68] 3.30| 4.37] 2.78] 2.51 
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adopted by the various experiment stations, the quotations given 
during the year 1925 have been recalculated and are given in table 2. 


Station’s Trade Values 


In order to secure the commercial valuations of the various ship- 
ments of fertilizers it is necessary to determine a schedule of valua- 
tions for the different elements. This schedule is prepared by tabu- 
lating the selling prices as given in the trade papers and by com- 
paring these figures with the price lists which are secured from 
a number of the manufacturers. From the information secured 
from these two sources the schedule is prepared for use during the 
year. The schedule for 1925 was as follows: 


Per unit Cents per lb. 
TOUL Mirage Wie eee ee $3.64 18.20 
Available phosphoric acid........ 0.60 3.00 
Potasir ice ue etk @ eee 0.65 3.29 


The method for calculating the valuation was to apply the sched- 
ule as adopted to the results obtained by the analysis, allowing for 
the overages as stated in the ruling, and, also, to apply the same 
schedule to the guarantees as given. If the two values thus secured 
were substantially equal it was so reported, but if the values did 
not agree substantially, the valuation of the material examined was 
divided by the valuation of the guaranteed product and the result 
represented the percentage of the value which the customer had 
received. 

Inspection 

A complete record of an inspection of the fertilizers sold in- 
cludes: 

(a) Information regarding the registration and proper branding; (6) 
The collection of the samples; (c) The chemical examination; and (d) The 
reports showing the results secured. 

Brands Collected 

During the inspection our inspectors located 90 different brands 
which had not been registered at the time of sampling. Some of 
these brands represented materials in the possession of local manu- 
facturers. Registration of these materials would be unnecessary 
if they were to be used in registered mixtures and not sold in their 
original condition. The manufacturers were informed of these 
omissions as they were found, and they eventually made the regis- 
trations. This condition would not have been found if the regis- 
trations had been made at the proper time. 

Collection of Samples 

The law prescribes the method to be used in sampling fertilizers. 
When the method was adopted it was fully realized that, in order 
to secure a chemical analysis of a sample that would represent a 
given shipment, it was very important to secure an accurate sample, 
because if the sample does not represent the shipment, all of the 
chemical results are inaccurate and misleading. In full realization 
of this condition all of the official samples were drawn in accord- 
ance with the method outlined in the law and by inspectors who 
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not only appreciate the necessity for careful work but also have 
had considerable experience with this kind of work. 

In order to make the inspection efficient and thorough, itin- 
eraries are prepared for the inspectors, who are instructed to sam- 
ple every brand of material that is located. The success of this 
part of the work during the past year can be attributed to the faith- 
ful and persistent work of the inspectors. 

During the past inspection, every county in the state was visited 
by the inspectors and samples were drawn. A total of 1404 sam- 
ples were received at the station, a small percentage of which were 
forwarded by private parties who were not connected with the 
official inspection work. The samples sent by private parties were 
examined and duly reported, but the results are not tabulated, since 
we do not assume the responsibility for the accuracy of the sam- 
ples. ‘The official samples were taken in duplicate from the stock 
of 401 dealers ‘and consumers, who were located in 177 cities or 
towns. ‘The stock of many other dealers and consumers was in- 
spected, but no samples were taken because the same brands had 
been previously sampled at nearby places. 


Official Samples Selected for Examination 

The total number of samples that could be collected by our 
inspectors would be much larger than our present staff of chemists 
and equipment could work, and, consequently, definite instructions 
are given as to the number of samples of each brand that should 
be taken. As a result, every brand located is represented by at 
least one sample, and a large number of brands by two or more 
samples. 

Every brand received is examined, and if only one sample of 
a brand has been received there can be no selection for analysis, 
but when two or more samples of the same brand have been re- 
ceived it is our practice to select the sample which represented the 
largest tonnage at the time of sampling. Frequently a purchaser 
makes a special request for the analysis of his goods and in suck 
cases the analyses are made and tabulated in the proper places. 

The samples analyzed during the present year consisted of the 
following: 


Commercial fertilizers (Nitrogen, Phosphoric Acid, and Potash)...... 426: 
Commercial fertilizers (Nitrogen and Phosphoric Acid)............... 6 
Commiercial fertilizers (Phosphoric Acid’and Potash).../...0.665.00.-. 3 
entice Cia me reLiiscensmuLIIpliCAtes,).) 08 see) etnies. ter oe eee. 192’ 
NCR SCHL C OMAR ee me te ek Vee ER Se 8 EE a hy ee 
Pe MHee ACMI AL ECGs San, 43) Ab eae a tie etcal ciety soy oin'dt Go tees eee iad 14 
PPE ZECPALALCEIAISSES ee Bee ee ee ee ee ee es pe PARE In 239) 
TLE, TRIOS CAN, alse | le Ae i Ee SER ERO oe na ea 37 
ere ALe hia aera. cee eo. She eer em OF oe) | so «laid Ciera cige. 190 

SO Les oT, I aks « wile Pe itht wk we te ae Me, 1129 


Average Guarantees and Actual Composition 
The total number of samples of mixed fertilizers examined was 
627, representing 435 different brands. There were 426 brands 
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guaranteed to contain nitrogen, phosphoric acid, and potash; 6 
brands guaranteed to contain nitrogen and phosphoric acid; and 3 
brands guaranteed to contain phosphoric acid and potash. 


TABLE 3 
Average of 426 Brands Containing Nitrogen, Phosphoric Acid, and 
Potash 
Average Selling Price, per ton, $37.84 
AVERAGE 
Found Found | Guaranteed 
per cent percent | percent 
Nitrogen Jas nitrates tis, ii; acetate 0.45 
Nitrogen, as ammonia salts ......... 1.46 
Nitrogen, as water-soluble organic .. 0.47 
Nitrogen, as water-insoluble organic . 0.56 
Mitrowen “tata ne oeereee ia eee ae 2.94 a07 
Phosphoric Acid tote atie. ote 9.70 | 
Phosphoric Acid, msoluble ........... 1.29 
Phosphoric, Acid, avyailamle. uses nee eas 8.41 8.29 
Potash. ces sean ae ee 547 5.60 


Table 3 shows that the average guarantees in the brands con- 
taining nitrogen, phosphoric acid, and potash were satisfied. 
Average Composition of Commercial Fertilizers 
In order to compare the results obtained with the fertilizers 
containing nitrogen, phosphoric acid, and potash with the results 
obtained with similar brands during the preceding nine years, table 
4 has been prepared. 


TABLE 4 
Average Composition of Fertilizers for Ten Years 
‘ £ aie a 
v Ss 7A Mana 
Year | aie. = o eae 26. ca a 
(ie | SS ea Sie Bil eroee Wie cape 
PP sa eeepc ca eat oh meas moe aa cA 
| per cent | per cent | per cent | per cent| per cent 
VOLO es Se coe eer) 105679 te Bes 1.69 1.39 $32.43 
TOT a 63 10.51 | 8.73 1.78 1283 34.35 
Oe er he ee aire, ee Heese? | 10.19 8.53 1.66 1.96 46.72 
TOTOT ty Se) aceite 2.10 10.03 | 8.58 1,45 4): 2.24 lees 
TOA. ee licke ene fee 2.35 9.80 8.38 Li42 i ShR6 53.10 
NOD Gy eae dtp ae Sam 2.46 9.83 88x49 | 11343 4 WAQ6 54.10 
11 oS RC Nest SRN Aa Pa) ay | 0:74 AAs Sat 1.20 oie Shan 38 .24 
DO Bore Ment as easy, oe EFL le eae | B28 sik ed | 5.48 Ve 35269 
1074 a eit oe ere eet 9.44 STR ee ST 2G aes 36.00 
TO25 i eae Fae is | 2:94 | 9.70 hi BAT Pe) ee 37.84 
Deficiencies 


A study of the detailed results of the mixed fertilizers as pub- 
lished in the bulletins will show that 66 brands fully satisfied all 
of the guarantees given and that 250 other brands substantially sat- 
isfied the guarantees. Three samples were special mixtures without 
guarantees. There were 116 brands, or about 27 per cent, deficient. 
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Last year 35 per cent of the brands were deficient, which shows a 
slight improvement. 

Table 5 shows the deficiencies as reported during the past ten 
years. In preparing this tabulation, deficiencies of 0.2 per cent 
or less of nitrogen, or 0.3 per cent of phosphoric acid or potash 
have been disregarded. 


TABLE 5 
Comparison of Deficiencies From 1916 to 1925 
| RecorD oF BRANDS | AcTUAL DEFICIENCIES 
igs aN 2 
D = I a - 3) bas 5 
ac = le me 

Ze |Esylazs] 2] $2) |B} a] gz 

Omer ce SCR) Ae Be OSB lg [hoe 

ea Bo | teint O Aa, Z at} ay [x 

pe. | Wi Pe 
1916 \ees0s 356 209 | On 1,406 139 81 17 16.9 
1917 552 380 172 31 1,360 85 88 | 15 13.8 
1918 502 B52 150 30 1,218 82 69 15 E366 
1919 556 088 168 30 1,396 98 73 17 35 
1920 az 340 1/2 39 1,390 104 61 31 14.0 
1921 | 516 342 174 34 1,462 89 65 43 £3..5 
1922 | 526 321 205 39 1,528 123 56 52 oe 
1923 | 475 Ye 153 32 1,398 49 85 | 42 | Vet 
1924 | 463 299 164 35 1,369 52 92 40 13.4 
1925 | 435 316 116 2/ 1,287 47 60 20%, 10.0 


There were 1287 deficiencies possible in the brands examined 
this year, and of this number 127, or 10 per cent, were found; 
these deficiencies, consisting of nitrogen 47, phosphoric acid 60, and 
potash 20, were distributed in 116 brands, 105 being deficient in 
one element and 11 in two elements. During the preceding ten 
years the percentage of deficiencies ranged from 12.7 to 16.9. 


Character of the Nitrogen Content in Mixed Fertilizers 

The law requires a guarantee for the content of total nitrogen, 
but it 1s well known that this element can be derived from many 
sources, some of which are valuable for plant growth, whereas 
other sources are in an inactive form. 

In order to get additional information regarding the character 
of the nitrogen delivered, every brand of mixed fertilizer is ex- 
amined for its content of nitrogen derived from nitrate of soda, 
from sulfate of ammonia, and from organic matter. In addition, 
the amount: of water-soluble organic nitrogen is determined, and 
also the activity of the insoluble portion. With these detailed re- 
sults the value of the total nitrogen content can be determined more 
accurately. 

All of the mixed fertilizers guaranteed to contain nitrogen de- 
rived a portion of this element from an organic source, although a 
few brands contained but a small amount in this form. During the 
past few years, on the average, the different brands contained about 
one-third of their total nitrogen, or 1 per cent, as organic nitrogen. 
Since the quantity of organic nitrogen is somewhat limited, and also 
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the most expensive form of this element, very careful attention 
should be given to the character of this form of nitrogen. During 
the inspection, the activity of the insoluble nitrogen was determined 
in all samples containing 0.3 per cent or more of insoluble nitrogen, 
and the results show that 46, or 11 per cent, of the brands contained 
an inferior grade of nitrogen. ‘lwenty-five of these brands con- 
tained more total nitrogen than was guaranteed, this excess being 
sufficient in 8 brands to offset the amount of inferior quality and in 
15 brands partially to offset the amount present in this form. This 
is practically the same result as reported last year. 

The water-soluble forms of nitrogen furnished two-thirds of the 
total nitrogen content in the mixed fertilizers. The records show 
that 243 brands, or 57 per cent, contained nitrogen derived from 
nitrate salts; 412 brands, or nearly 97 per cent, contained ammonia 
salts, and 226 brands, or 53 per cent, contained both of these water- 
soluble forms. 

Grades of Commercial Fertilizers Sold 7 

During the inspection, commercial fertilizers with 96 differen 
guarantees which varied from 1-7-1 to 10-5-5 were collected. It is 
quite evident that this large variety was sufficient to supply the 
needs and the special ideas of the consumers in this state. The 
most popular brands were confined to the 4 distinct groups; 1-8-2 
to 1-8-4, 2-8-2 to 2-8-10, 4-8-4 to 4-8-10, and 5-8-4 to 5-8-7. These 
four groups furnished 66 per cent of the brands collected. 

Special effort is being made to foster the use’ of high analysis 
fertilizers. It is very gratifying, therefore, to find that the New 
Jersey farmer has followed this practice for a number of years, 
since, according to a tabulation in Bulletin 368, for the years 1888 
to 1921, omitting the period 1916-1919, from 58 to 80 per cent of 
the brands were high analysis mixtures, and this year 85 per cent 
of the brands were in this class, 12 per cent were medium analysis 
and only 3 per cent were of low analysis. ’ 


Cost of Plant-Food in Commercial Fertilizers 


The price charged for a fertilizer depends upon the number of 
pounds of plant-food contained in the mixture, together with the 
charge for mixing, bags, freight, selling charges, and profit. The 
charge for mixing! and bags is the same for all grades of mixtures, 
whereas the cost of freight and cartage will depend upon the 
amount purchased. It should be quite clear that the plant-food in 
the lower grades of mixtures costs more than if obtained in the 
high-grade mixtures. Although the New Jersey record shows in 
favor of the high-grade mixtures, still some improvement can be 
made by eliminating the comparatively few low-grade brands. 

It should be considered quite necessary to know the cost of 
the plant-food desired. ‘This information can be secured without 
much trouble by following the procedure given. The sum of the 
guarantees for nitrogen, phosphoric acid, and potash in a given 
fertilizer will give the number of pounds of plant-food in 100 
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pounds of the mixture, and if this sum is multiplied by 20 the 
final result will be the number of pounds of plant-food in a ton 
of the fertilizer. Having secured this figure, if the retail price per 
ton is divided by it, the result will be the cost of each pound of 
plant-food. 

If this simple method of calculation is followed when the pur- 
chase of fertilizers is considered, and if the comparisons are made, 
the purchaser will be able to secure greater value for the money 
expended. 

Table 6 has been prepared in order to show the average cost 
per pound of plant-food during the past four years. 


| TABLE 6 
Cost of Plant-Food Per Pound 


- Average Retail Cost Amount of Plant- Average Retail Cost 


| 
Year | of Fertilizer for Food in One of One Pound of 
| Each Ton Ton Plant-Food 
pounds | cents 
1922 $38.25 32740) bey 
1923 35.69 329.4 10.8 
1924 36.00 338.0 10.7 
1925 37 .84 342.4 11-0 


Ground Bone 


During the inspection 37 samples of ground bone were exau- 
ined, the results of which are tabulated on subseqeunt pages. Table 
7 gives the average composition and selling price for the past ten 
years. 


TABLE 7 
Average Composition of Ground Bone 


: e 2 be 

5 #8 S 5 2 Séz a2 

oe ir, On va fit ao 
pee Ra 47.0 2.80 23.80 | $39 50 
[ojos 58.0 42.0 2.95 24.28 38.82 
1918 .. 59.0 41.0 2.85 24.84 | 48 49 
1919 .. 58.0 42.0 2.93 24.82 54.71 
1920 .. 58.0 42.0 2.97 25.06 | 54.23 
192 53.0 47.0 3.12 24.40 54.80 
1922; 51.5 48.5 Bai7 DATs Hee 42 16 
1923 . 49.0 51.0 peal 23° 870 ee Ag X\0 
1024 oy .. 1 =26oE0 48.0 ae 23 ne: 67 
1925 | 2 84500 oa OU wets 23 24a eaten 45 13 
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INSPECTION OF AGRICULTURAL LIME DURING 1925 


During the year, 44 manufacturers registered 89 different brands 
of agricultural lime. 
Inspection 


A comparatively large number of samples of the various lime 
products were examined and duly reported during the year. Many 
of the samples were forwarded by individuals for analysis and the 
reports were made, but, were not published, since we had no official 
information regarding the sampling. The results of the official sam- 
ples were published in Bulletin 426. 


INSPECTION OF INSECTICIDES AND FUNGIC#E? 
DURING 1925 


The detailed results of this inspection were published in Bulletin 
424. 
Inspection 


The inspection of the branding and the collection of the official 
samples reported in this bulletin were made by F. S. Beckwith, B.Sc. 
By visiting the different sections of the state where these materials 
are used in large quantities, 124 official samples were secured. In 
addition to the official samples, 18 samples were forwarded by in- 
dividuals. 

The total number of samples examined was 138. All of the 
results, with the exception of those obtained with the unofficial sam- 
ples, were tabulated in Bulletin 424. As soon as the work had been 
completed the results of the unofficial samples were sent direct to 
the parties submitting the samples. 

The official samples examined were accompanied by 206 guar- 
antees. The results obtained show that 16 of these guarantees, or 
7.8 per cent, were not sustained. 

The samples examined consisted of the following: 

13 samples of paris green 

17 samples of lead arsenate powder 
3 samples of lead arsenate paste 
11 samples of calcium arsenate 

9 samples of bordeaux mixture 

1 sample of atomic sulfur 

9 samples of sulfur mixtures 

3 samples of lime-sulfur solution 
1 sample of sulfocide 

8 samples of soluble-sulfur compounds 
11 samples of nicotine preparations 
34. samples of miscellaneous brands 
18 unofficial samples 


138 Total 


Arsenic Residue on Apples 


The apple growers of south Jersey were very much disturbed, 
during the latter part of the year 1925, by certain reports from 
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the United States Department of Agriculture showing that some of 
the shipments of apples carried an excessive quantity of arsenic 
residue. 

On account of these reports, the growers did not want to assume 
the moral or legal responsibility for making shipments in the con- 
dition reported, but it was quite imperative to sell the stock on 
hand, which was estimated at 400,000 bushels. The question was 
thoroughly discussed at a conference, at which time it was decided 
to have the entire stock examined and cleaned when necessary. The 
State Board of Agriculture agreed to furnish two inspectors to go 
over the stock and to take samples, which would be examined by 

chemists supplied by the Experiment Station. 


In order that the work might be done with as little delay as 
possible, it was decided to establish a temporary laboratory in the 
district affected and permission was received to use one of the rooms 
at the State Normal School, Glassboro, N. J., as a laboratory for 
this purpose. Inasmuch as the work to be done was of a special 
character, it was necessary to purchase the equipment before the 
work could be started. The apparatus and materials needed were 
purchased and in one week from the time of securing the room, 
the chemists were ready to make the analyses. 


There were two problems connected with this work; viz., sam- 
pling and chemical analysis, the most difficult and laborious one 
being the sampling. The method adopted for the sampling was as 
follows: the inspectors to select about one bushel of apples from a 
definite lot which had the appearance of having the largest amount 
of arsenic residue; this sample was passed to the chemists who se- 
lected the worst specimens from the lot delivered and determined 
the quantity of arsenic present. By this method of sampling, it was 
felt that if the apples actually anaylzed, passed the requirements, 
there could be no question in regard to the lot represented by the 
sample. If the sample did not pass the requirements, the whole 
lot was sent to a brushing machine and a sample taken after the 
brushing, in the same manner as noted above. If the brushing ma- 
chine did not remove the residue, the lot was put through a washing 
machine. 


The inspectors secured 156 samples and 10 samples were sub- 
mitted by individuals. This work permitted the growers to dispose 
of their stock with a confident feeling that the apples would be in a 
good condition. 


Under the usual conditions the work of the chemical depart- 
ment is sufficient to require the entire time of the staff assigned 
to the work, consequently some rearrangements were necessary in 
order to do our regular work and also to supply two chemists for 
the branch laboratory. Dr. H. C. McLean, of the soil laboratory, 
and L. R. Smith, of this laboratory, were selected for the special 
work, and it is largely due to their efforts that the work was com- 
pleted in such a satisfactory manner. 


128 New Jersey AGRICULTURAL 


INSPECTION OF COMMERCIAL FEEDING STUFFS 
DURING 1925 


The detailed results of the inspection of commercial feeding 
stuffs were published in Bulletin 435. 


The New Jersey Feed Law 


The purpose of the Jaw is to require each feeding stuff sold 
in the state to be accompanied by definite statements as to its con- 
tent of the different nutrients, and also the specific names of the 
materials in the product. It is quite evident that such statements 
are a protection to the honest manufacturer and to the consumer 
provided sufficient attention is given to the statements made. There 
is no doubt that the larger manufacturers understand and make use 
of the information given in the guarantees, but, judging by many 
experiences, many of the smaller local manufacturers and many of 
the consumers do not obtain the full benefits because they do not 
give the proper attention to the statements given. 


In order to secure the maximum benefits of the law it is neces- 
sary to be familiar with the requirements as specified and to use 
this information when selecting a purchase. The law requires a 
statement of the minimum guarantees of crude protein and crude 
fat and the maximum guarantee for crude fiber, and this informa- 
tion together with the selling price should be sufficient for an intelli- 
gent purchase of an unmixed feed. If the feeding stuff is a mixture, 
in addition to the information as stated above, a careful examina- 
tion of the names of the ingredients used in the mixture should be 
made. With the exception of the selling price, the law requires 
this information to be attached to all feeding stuffs with but a few 
exceptions. The feeds which are not required to be guaranteed are 
whole seed or grain sold as such and the unmixed feeds made from 
and consisting ‘of the entire grains of corn, wheat, rye. barley, oats, 
buckwheat, flaxseed, kafir and milo; neither shall it include whole 
hays, straws, cottonseed hulls, and corn stover when unmixed with 
other materials, nor shall it include wet brewers’ grain. A ship- 
ment of any feeding stuff, other than those enumerated above, 
which is not accompanied by a guarantee, does not conform to the 
law and should not be purchased, or if it has been ordered and de- 
livered without the guarantees, the material should not be accepted 
until the guarantees have been supplied. 


The state chemist’s department makes regular inspections of 
the feeding stuffs on the market, but it is possible that the inspec- 
tors do not locate every shipment made, and consequently, if a 
shipment has been received that is not properly guaranteed, the con- 
dition should be reported in order that an investigation may be 
made and the party responsible for the material required to furnish 
the full information. 


eee 
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Registrations 

During the year 1925, 473 manufacturers and brokers registered 
2,221 brands which they would offer for sale in this state. The 
law requires these registrations to be made on January 1 of each 
year, but many of the registrations made were not received until 
our inspectors had located the shipments and had stopped the sale 
of the material. This condition was not confined to any one class 
of manufacturers, but the largest number of omissions was caused 
by the small manufacturers who do a local business only. There 
is no legimate reason for this condition and the manufacturers 
should realize that it is to their interest to attend to this require- 
ment at the proper time. 


Tonnage of Feeding.Stuffs Sold 


Manufacturers and those responsible for feeding stuffs sold in 
this state are required to render reports on July 1 and January 1 
of each year, showing the total tonnage sold during the six months 
preceding these dates. These reports do not show the tonnage of 
each brand of material, but simply show the total tonnage. Table 
8 is a summary of the reports received during the past ten years. 


TaBLe 8 
Summary of Tonnage Reports 
Year | July Reports | January Reports | Total for Year 
POLO ees ce 111,910.84 123,437 16 | 235,348.00 
THs Bee eon are ele 114,939 .37 119,101.06 | 234,040.43 
he SF gees ate ai, 108,771.45 121,635.23 | 230,406.67 
PME Cee as eee ite 102,837 .34 144,052.15 | 246,889.49 
Los OE a a Sear 120,156.78 135,897.75 256,054.53 
Cg A phe ae 123,752.97 154,187.88 277,940.85 
Ua es A 134,876.65 159,965.17 294,841.82 
OEE Dy Ee ae 140,470.08 182,934.01 323,404.09 
NEES ee Ae as ae reer eee 153,889 .40 167,551.96 | 321,441.36 
joe) a 149,365 .93 163,833.81 | 313,199.74 
Inspection 


In order to make the inspection as thorough as possible, the in- 
spectors were supplied with carefully prepared itineraries, which 
included every county in the state. These itineraries were followed 
quite closely and as a result 1,816 official samples were secured 
from the stock of 299 dealers and consumers who were located in 
186 different cities or towns. ‘The stock of many other dealers 
and consumers were examined as to the branding, but were not 
sampled because the same brands had been sampled at nearby places. 

In addition to the 1,816 official samples collected, 230 samples 
were forwarded by individuals with a request for analysis. 


Results of the Examinations *- 


Every brand collected by our inspectors is subjected to a micro- 
scropical and chemical examination. The results secured were duly 
reported to the manufacturer and to the party having the stock - 
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from which the sample was taken. If the sample satisfied the guar- 
antee given, the two reports were issued at the same time, but if 
the sample was deficient, the report was submitted to the manu- 
facturer and he was allowed ten days to check the report if he so 
desired. At the expiration of the ten days the report was made 
official and submitted to the purchaser. 

There were 1196 official samples examined and the results are 
tabulated in bulletin 435. These samples include 3 which were taken 
by special request of the purchaser but on account of their source 
did not require guarantees to be attached. Forty-five brands were 
represented by official samples which at the time of sampling did 
not show the required guarantees and the parties having these feeds 
were notified not to sell the same until the information had been 
attached. Thirty of the 45 unguaranteed samples represented feeds 
being sold by local manufacturers and the total tonnage was very 
small; 4 samples represented shipments by brokers; and 11 samples 
were products sold by manufacturers. Practically all of these samples 
were registered but the published records do not show the guarantees 
because they were not attached at the time of taking the sample. 

The results of the examination of the 1,148 guaranteed samples 
show that 503 fully satisfied the guarantees given for the minimum 
content of crude protein and crude fat and the maximum content 
of crude fiber; and in addition, 310 samples substantially satisfied 
these guarantees. There were 335, or 29.2 per cent of the samples 
deficient—286, or 25 per cent, were deficient in one nutrient; 46, 
or 4 per cent, were deficient in two nutrients; and 3, or 0.2 per 
cent, were deficient in the three nutrients. The deficiency in the 
nutrients consisted of the following: protein 110; fat 96; fiber 181. 

All of the unofficial samples were examined and reports made 
to the parties sending the samples, but the results are not included 
in this report. 

A comparison of the number of deficiencies found during the 
last ten inspections is given in table 9, which shows that the char- 
acter of the feeding stuffs sold during the past year was very much 
poorer than it has been since 1918. 


TABLE 9 
Summary of Deficiencies 

| Samples | Samples | Samples Deficient in 

| Examined | Deficient | Protein | Fat | Fiber 

| percent | percent per cent | percent 
1k Loot Sete ae 1103 Oocs 10.0 9.3 10.6 
IONS a eee es | 932 27.9 9.3 8.9 16.2 
1919 5a ee 810 PEAR | 9.6 4.6 12.0 
1920) ote 822 20.8 8.0 Jig 9.5 
1921 oi ener 863 15.4 7.9 7.0 ond 
1922 Yen aerake 5 O27 18.9 9.5 dae ped 
AO ZS ho cccan eet 948 12.6 6.0 7.2 13 
W248 isi a oe | 975 2182 77. 7.4 9.9 
LS a age ae eee | 1030 240 Tien 6.5 10.2 

POR ke alae 29.2 9.6 8.4). lag cae 
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It is hardly possible to give a satisfactory explanation for this 
deplorable condition, since the manufacturers claim that they are 
using the utmost care in the preparation of their feeds, but the 
fact remains that the shipments were sampled and the reports as 
tabulated in the bulletin were submitted to them, and, with a few 
exceptions, no question was raised regarding the reports. This 
would lead one to think that most of the manufacturers who were 
responsible for the deficient shipments were satisfied with the results 
secured. 

The records show that there were 358 brands of feed mixtures 
prepared by the local manufacturers whose total sales, if, we do not 
include the larger manufacturers, is small, and of this number 135, 
or 37.7 per cent, were deficient. There were 7.8 per cent deficient 
in protein; 12.3 per cent deficient in fat, and 25.1 per cent deficient 
in crude fiber. If we deduct these figures from the totals as noted 
previously, there were 790 brands manufactured out of the state, 
and 200 of this number were deficient ; 10.4 per cent were deficient 
in protein; 6.6 per cent deficient in fat; and 11.5 per cent deficient 
in fiber. It will) be noted that the local manufacturers’ brands car- 
ried a smaller percentage of deficiencies in protein and much larger 
percentage of deficiencies in fat and fiber than the other brands. 

Many of the deficiencies in the brands of the local manufacturers 
were due to improper mixing and to the statement of guarantees 
which could not be obtained from the materials used. 


Summary of the Inspection 


Table 10 gives a summary of the inspections for 1925. This 
table does not show the averages for the various kinds of mixed 
feed because of the variable composition of the individual brands. 
In securing the results tabulated under the heading “number of sam- 
ples substantially satisfied guarantees,” it was considered that a sample 
was in this class if it was not more than 1 per cent low in protein, 
0.5 per cent low in fat, or 0.5 per cent high in fiber. 

With but few exceptions the average selling prices are given. 
These figures were obtained by making an average of the prices given 
to the inspectors at the time the sample was taken. In a few in- 
stances we were unable to secure these prices, which will account for 
our records not being complete. 
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Report of the Department of Dairy Husbandry 


Joun W. BarTLeETT 


EXPERIMENTAL 


During the years 1925-26, eleven different research problems re- 
lating to the field of dairy husbandry have been under investigation. 
These are discussed in the following pages. 


BREEDING EXPERIMENT WITH DAIRY CATTLE 
Comparison of Linebreeding with Outcrossing—Project 1 


In view of the fact that this project will be conducted over a 
long period of time and will, therefore, not give any definite results 
until several years have passed, only progress can be reported at 
this time. No setbacks have taken place in the breeding work and 
several new animals have been added to the experiment during the 
past year. Several of the daughters of the orignial bull used in 
this breeding experiment have been on test during the year and 
have made generally very good records. The daughters of the 
first outcross in the experiment will be fresh during August and 
September. The experiment in no way conflicts with the general 
program of the breeding work in the dairy herd and is, therefore, 
an indirect asset. 


Rations for Dairy Heifers During Winter Months— 
Prajectoe abtalL 


The animals were divided into three groups. 


Group I 
Animals 148, 149, 159, 161, 430, 370, and 371 were fed grain, 
alfalfa hay and silage in the dry stock barn. This group was fed 
an average of 6 pounds of grain a day and hay and silage ad libitum. 


Group II 
Animals 62, 64, 158, 157, and 366 were allowed to run outside 
all winter, and an open shed was used for shelter. They were fed 
grain and silage in a trough and the alfalfa hay in racks. The 
animals were fed an average of 10 pounds of grain a day, and hay 
and silage ad libitum. 
Group III 
Animals 150, 151, 152, and 153 were fed alfalfa hay and silage 
ad libitum in the dry stock barn. 
All of the animals in the three groups were weighed and meas- 
ured on the fifteenth day of each month. Growth and weight were 
computed in per cent of normal, Eckle’s normal figures being used. 
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All of the grain, hay, and silage fed to these animals was weighed 
and recorded. 

The experimental feeding was started on November 1, 1925. 
Preliminary weights and measurements were taken October 15, 
1925. Animals were turned out to pasture May 15, 1926, and the 
final weights and measurements were taken June 15, 1926. 

All animals used on the experiment were yearling heifers. The 
grain ration used cost $42.00 a ton, silage $10.00, and hay $25.00. 

The cost of feed per animal in group I was $69.31, in group I, 
$93.52, and in group III, $62.75. 


Group I Group II Group III 
Height Weight Height Weight Height Weight 

percentage percentage percentage 

of normal of normal of normal 
October. °c 25 soe oe 100.8 116.9 100.0 175,9 105.5 131.2 
Nevember 4 /05's csnay 102.4 119.2 101.8 130.1 106.6 126.5 
Decenaber ries ccs: 103.1 121.2 100.7 133.6 106.8 130.0 
FORRAATY (kin. dion eee ee 103.1 120.0 1K C288 1321 106.9 126.4 
PeDTuary ir. sages ue ey 100.5 120.3 100.8 130.8 104.5 122.6 
iar Oli te iE ake: “101g 120.9 *10L3 1232 *105.8 125.8 
MATOETL dye aikeg Mer dokete ouetens 101.7 127.6 101.7 127.2 105.2 127.9 
MAY Axia de deseo +103.4 124.0 +102.0 Zio 7106.5 122.8 
Jiltie. jaca eee 102.1 121.0 100.6 125.0 104.0 129.1 


*Poor quality alfalfa hay was fed for balance of experiment. 
+Animals went out on pasture. 


Results 


Groups I, II and III finished the experiment showing a per- 
centage of height greater than at the start of experiment. After the 
first month on pasture all groups dropped from 1.3. per cent to 2.5 
per. Cent. ree 

Tie cold weather in February caused a percentage drop in 
height of ali three groups and a percentage drop of weight in 
groups II and III. 

Group III showed the greatest percentage loss in weight, but 
whereas groups I and II lost in weight percentage when put out 
to pasture, group III gained a fraction over 3 per cent in weight 
normal. 

Conclusion 


From the cost and condition standpoint it would seem that the 
results are in favor of the management of group I. 


Minimum Milk Requirement for Raising Dairy Calves— 


Project 6 


This experiment was continued from last year. 
The object is to find a satisfactory dry grain mixture to replace 
the milk in the ration fed to calves and also to find the earliest date 
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at which a calf can be weaned from milk without retarding growth 
to any extent. 


The following rations have been fed during the past year: 


Ration No. 1 


20 pounds yellow corn meal 30 pounds ground oats 
10 pounds wheat bran 20 pounds linseed oil meal 
20 pounds skimmilk powder 5 percent mineral mixture (salt, 


bone meal, and lime) 


RaTIon No. 2 
25 pounds yellow corn meal 12.5 pounds wheat bran 
37.5 pounds ground oats 25 pounds linseed oil meal 
5 percent mineral mixture 2 cc of 0.2 percent H Cl per pound 
of grain 


This was changed for calves 170 and 171 by the addition of 25 pounds wheat 
middlings. 


Procedure 


The calves were accustomed to the dry feed at 3 weeks of age, 
and when they were 30 days of age all milk was taken away from 
them. They then received their respective grain mixtures and al- 
falfa hay and water ad libitum. The grain mixture was fed once 
a day at the same hour of the day. It was weighed into a clean 
pail and enough given so that usually a little was left at the next 
feeding period. 


Each calt was weighed and measured for height at withers and 
heart girth on every ninth, tenth, and eleventh day from the time 
it started on the experimental ration. The averages were then 
taken to represent the weights and measurements on the tenth day. 


Pictures of each calf, at a distance of 18 feet from the camera, 
were taken every 30 days. 


At the end of the experimental period, the calves were turned 
over to the herdsman and fed the regular growing ration, consisting 
of 600 pounds hominy, 600 pounds wheat bran, 400 pounds oil meal, 
400 ground oats, and 3 per cent mineral mixture. They also re- 
ceived alfalfa hay and silage, or pasture grass, according to the sea- 
son. 

Discussion 


The calves were compared to Eckle’s standard for weight and 
height. The percentages of normal at the beginning and end of the 
experiment are shown in table 1. 


several of the calves experienced a little difficulty in getting ac- 
customed to the dry experimental ration, as was shown by subnor- 
mal gains for the first few weeks. After this, however, all of the 
calves except 162 picked up and made good gains, so that at the 
end of the experiment most of them were practically normal. The 
case cf 162 was an exception. She made poor growth, developed 
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TABLE Od 


Percentages of Normal Height and Weight Shown by Calves at 
Beginning and End of Experiment 


= 30 Days of Age {180 Days of Age 
oe mo | a 
Ration Number . 8 S < a 
Pes Wd = = oe a 
ue o so on 524 on 
oe ae z 3 : te 
UG ees) = an = an 
| per cent| per cent| per cent| per cent 
1 162 | Apr. 22,1925 | 88.4 97.5 63.4 91.1 
1 165 | June 14, 1925 76.0 93.6 90.6 92.7 
1 435 | June 14,1925 76.2 | 100.1 91.6 96.9 
22 cc. 0.2 per cent 
H Cl per pound grain | 87 | July 25,1925 | 74.6 91.8 105.0 98.6 
1 : 166 |}; Aug. °1,1925.| 1016 106.4 100.3 101.1 
1 436 | Aug. 2,1925 | 115.9 105.3 98.3 103.4 
1 167 | Aug. 27,4925} 83:7 95.5 94.6 97.4 
2.1 co; 0.2) per cent 
H Cl per pound grain | 170 | Dec. 6, 1925 100.0 102.5 108.3 99.0 
2 Pity | fan yee loc 100.0 103.5 105.5 103.5 


a cough, and became quite emaciated. After she was given the regu- 
lar growing ration at the end of the experiment, she rapidly picked 
up and soon became normal in all ways. 

The figures for 436 at 100 days of age are misleading. Her 
weight at 140 days of age was 109.5 per cent of normal, but at that. 
time she injured one ankle, which was quite painful, and brought 
about a decrease in appetite and loss in weight which was not cor- 
rected at the end of the experiment. 

None of the calves on ration 1 were troubled with scours, but 
those on ration 2 had mild but persistent spells of scouring at quite 
frequent intervals. This looseness did not seem to be accompanied 
by any discomfort, and the growth was evidently not affected. As 
this looseness in 87 was thought to be due possibly to the laxative 
nature of the ration, the ration was changed for 170 and 171 by 
the addition of 25 pounds of wheat middlings. This, however, did 
not prevent the trouble in these calves. 

This experiment will be continued for several years, larger groups 
of calves being used so that more definite results may be secured. 


Normal Growth of Dairy Animals—Project 10 


Project 10 is being continued; measurements of height, weight, 
and heart girth are taken monthly. This work has been slowed up 
because many of our calves have been on nutrition experiments. 


Effect of Temperature and Humidity on the Milk Production 
of Dairy Cows—Project 11, Part II 


The humidity work has been held up by our inability to measure 
the humidity of the air with any degree of accuracy. A recording 
hygrograph has now been purchased by the department and the 
work has been started. 
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The Relation of the Ductless Glands to Milk Production— 
Project “13, Part 11 


Rabbits have been purchased for experimental animals. ‘These 
animals are being bred up at the present time to insure a good sup- 
ply of animals for the growth work. 


Studies of the Color Pigmentation in the Skin of Dairy Cattle 
—Project 14 


Considerable work has been done on this experiment in order to 
get a standard of measurement for skin pigment and the colorimet- 
ric reading of milk. Dr. Swett, of the United States Department of 
Agriculture, has sent us a copy of a pigment chart which can be used 
with a great deal of accuracy. A method of reading the color in 
milk has been developed by using the Meigs fat extraction process 
and comparing it to a known standard in a colorimeter. 


This work will be started at once. 


A Study of the Changes That Take Place in the Conformation 
of Dairy Cattle—Project 15 


The materials for the photographic screen have been purchased 
and will be assembled for the study of these animals. 


A Babcock-Gerber Method for Determining the Percentage of 
Fat in Ice Cream—Project 22 


In the last few years numerous methods for determining the per- 
centage of fat in ice cream have been submitted to the dairy indus- 
try. The most recent of these methods is the Troy-Fucoma method, 
which is a modification of the Gerber test for dairy products. Where 
careful and analytical results are desired, the Mojonnier method is 
to be recommended. ‘The Mojonnier test, because of its cost, is im- 
practical and expensive for the small ice cream manufacturer. Ex- 
periments with the Troy-Fucoma method have shown that this 
method checks closer with the Mojonnier than any of the other 
methods which are now in use for testing ice cream for butterfat. 
This experiment was undertaken with the belief that the reagents 
used in the Troyo-Fucoma test would work in the Babcock test bot- 
tle and thus eliminate the necessity of buying additional testing 
equipment. 


Plan of Experiment and Experimental Methods 


Forty samples of ice cream were tested by each of the three 
methods. 

A. Babcock-Gerber Method. Since amyl alcohol is slightly 
soluble in butterfat in the preliminary trials with this method, the 
alcohol was used in the following amounts: 1.5, 1.8, and 2cc. It 
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was found that 1.5 cc. of amyl alcohol did not give so clear and so 
well defined fat columns nor did the results check so closely with 
the Mojonnier as when 1.8 or cc. were used. In the Troy-Fucoma 
method 1 cc. of amyl alcohol is used per 5 gm. of ice cream, which 
is equivalent to 1.8 cc. of alcohol per 9 gm. of ice cream in the 
Babcock-Gerber method. In a few cases slightly higher results 
were secured by using 2 cc. of amyl alcohol. These results, how- 
ever, were well within the experimental error and for actual prac- 
tice the solubility of the amyl alcohol in butterfat is not great 
enough to be a factor in the test when only enough is used to secure 
a clear fat column. Both the 9-gm. 20 per cent ice cream bottles 
and the 9-gm. 50 per cent ice cream bottles were used in this ex- 
periment. “Since the 9-gm. 20 per cent ice cream bottles are gradu- 
ated in 0.2 per cent they should be used with this method. The 
samples were centrifuged in an electric non-heated tester. The di- 
rections for making the test are as follows: 


1. Weigh exactly 9 em. of well mixed sample into a 9-gm. 20 per cent 
ice cream test bottle. 

2. Add 9 ce. of water and 1.8 cc. of amyl alcohol. 

3. Mix thoroughly. 

4. Add 17.5 cc. of diluted commercial sulfuric acid (94 cc. of acid to 6 cc. 
of water for chocolate ice cream, or 87 cc. of acid to 13 cc. of water for other 
flavors) in three proportions, mix thoroughly after each addition of acid, and 
finally give samples a vigorous shaking. (To obtain a clear fat column this 
is very important. ) 

5. Centrifuge for 5 minutes. 

6. Add hot water to bring contents up to the bottom of the neck of the 
bottle. 

7. Centrifuge for 2 minutes. 

8. Add hot water to bring the bottom of the fat column well within the 
neck of the bottle. 

9. Centrifuge for 1 minute. 

10. Place bottles in a hot water bath at a temperature of 135° to 140°F. and 
leave for 5 minutes. 

11. Remove each bottle as it is to be read, add red reader and read per cent 
of fat with dividers. 


B. Gerber or Troy-Fucoma Method. Much difficulty was ex- 
perienced with the Troy-Fucoma test in the preliminary trials and 
considerable time was spent in determining what method of proced- 
ure gave the best results. Troy’s method as published by the Fu- 
coma Company was first used and the results were very unsatisfac- 
tory both from standpoint of clearness of fat column and compari- 
son to Mojonnier. The following method, which is a slight modifi- 
cation of the one recommended by Fisher and Walts (1), was found 
to give the best results. - 


1. Measure 10 cc. of diluted commercial sulfuric acid (94 cc. of acid to 
6 cc. of water for chocolate ice cream, or 87 cc. of acid to 13 cc. of water for 
other flavors) into special ice cream test bottles. 

2. Weigh exactly 5 gm. of well mixed sample into test bottle, using care 
to let the ice cream run down the side of the test bottle and spread over the 
surface of the acid without mixing it. 
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3. Add 5.5 to 6 cc. of water (depending on size of bottle) and 1 cc. of 
amyl alcohol; insert rubber stopper and mix contents by inverting test bottles 
until contents are thoroughly mixed. 

4. Centrifuge immediately at a speed of 1000 to 1200 revolutions per minute 
for about 4 minutes. 

5. Place in water bath at 135°F. and hold for about 5 minutes. 

6. Centrifuge for 2 minutes. 

7. As soon as centrifuging is complete, place in water bath at 135°F. for 
5 minutes and read with dividers. 


C. Mojonnier Method. ‘The directions for testing ice cream 
for fat and total solids by the Mojonnier method as outlined by 
Mcjonnier and Troy were followed exactly. 


Summary and Conclusions 


1. The Babcock-Gerber method for determining the percentage of fat in 
ice cream is the adaption of the reagents in the Troy-Fucoma method applied 
to Babcock equipment. 

2. To study the relative value of the Babcock-Gerber method as compared 
to the Troy-Fucoma and Mojonnier method 40 samples of ice cream were 
analyzed by these three methods. 

3. There will be no appreciable degree of variation between the computed 
cate checks with the Troy-Fucoma method. 

4. With the Mojonnier method being used as a standard for comparison, 
the results indicate that the Babcock-Gerber method is 231 per cent more 
accurate than the Troy-Fucoma. 

5. The average percentage of variation from the Mojonnier on 40 samples 
was 0.44 per cent for Troy-Fucoma, 0.19 per cent for Babcock-Gerber with 
the 9-gm. 20 per cent ice cream bottles and 0.23 per cent with the 9-gm. 50 per 
cent cream bottles. 

6. The Babcock-Gerber method seems well adapted for factory use where 
simplicity, cost of equipment, and time are important considerations; however, 
where accurate analytical results are desired the Mojonnier should be used. 

7. With the Babcock-Gerber method, 67.5 per cent of all samples checked 
within 0.2 per cent, whereas with the Troy-Fucoma method, only 25 per cent 
of the samples checked within 0.2 per cent of the Mojonnier. 

8. It would seem that the higher the total solids content, the more difficult 
it is to obtain accurae resuls when sulfuric acid is used as the solvent. 


Effects of Ultraviolet Irradiation and Green Feed on the Min- 
eral Constituents of the Blood and Milk of Cows 
on Adequate Diet, But Protected From 
Direct Sunlight—Project 23° 


It has been shown conclusively that the ultraviolet component 
of sunlight influences the mineral metabolism of animals. Direct 
sunlight, or rays from a quartz-mercury vapor lamp act alike in in- 
creasing the calcium and inorganic phosphorus of the blood to nor- 
mal amounts, and in bringing about normal calcification of the boney 
tissue in growing animals affected with rickets. 

Most experimental workers report that irradiation with ultra- 
violet light increases the calcium and inorganic phosphorus in the 
blood of animals on diets deficient in minerals or in the antirachitic 
vitamin. 


1Results of the above experiments have been published in the Journal of 
Dairy Science, Vol. 9:276-285, May, 1926; therefore, only conclusions will 
be given here. 


2Conducted in cooperation with the department of agricultural biochemistry. 
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Hart, Steenbock, and co-workers have found that irradiation 
with ultraviolet light increased the calcium and phosphorus assimi- 
lation in mature, lactating goats, and increased slightly the calcium 
and inorganic phosphorus of the blood. These animals were on a 
low mineral diet. 

Results of irradiation of animals on normal diets have been open 
to argument. Mayerson, Gunther, and Laurens (1925) report that 
in normal dogs irradiated 1 hour per day for 8 days, the blood cal- 
cium was decreased, but soon returned to normal. Irradiation for 
2 hours daily, however, increased the blood calcium. Howe and 
Medlar (1924) working with humans. and Moritz (1925) working 
with rabbits, both concluded that the calcium and phosphorus were 
not affected in the blood serum of normal animals. 

Results of several experiments seem to indicate that irradiation 
of lactating animals increases the antirachitic properties of the milk, 
but no extensive studies have been made on the mineral content of 
the milk from irradiated and non-irradiated animals. 

Experimental results show that fresh green feeds usually in- 
crease the calcium assimilation of lactating animals, but special 
studies of the mineral content of the milk have not been made. 


Plan of Experiment 

Five liberally milking Holstein-Friesian cows of various ages 
and stages of lactation were used for this part of the experiment. 
Four of these were given the experimental treatments, and the other 
was used as a control animal.. All were protected at all times from 
direct sunlight and an account was kept of the weights of all food 
eaten.. The animals were fed the regular test cow ration consisting 
of alfalfa hay, corn silage, beet pulp, and a concentrate mixture con- 
taining supplementary minerals in the form of lime and bone meal. 

Records were kept of the daily milk and butterfat production, 
and tests were made for calcium and phosphorus (P,O,;) in com- 
posite samples of one day’s milk, twice a week. Blood samples were 
taken once a week, just after the morning milking, whole blood be- 
ing drawn from the jugular vein, allowed to clot for about an hour, 
centrifuged, and the clear serum tested for calcium and inorganic 
phosphorus. 

The animals were held under normal conditions for a few weeks 
to get the normal composition figures and fluctuations that occur. 
They were then exposed to ultraviolet rays from a Cooper-Hewitt 
mercury-vapor lamp with quartz tube, daily, for one month. The 
cows were confined in a small stall, allowing very little movement, 
and the lamp was suspended from the ceiling in such a position that 
the light was between two and three feet above the cow, and the 
entire ‘back, excluding the head and neck, was exposed. The eyes 
were further protected by a burlap hood which was placed over 
the head. 

Two of the cows were exposed for one-half hour a day for the 
entire period. The other two were increased to one hour a day for 
the last two weeks. 
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After one month of daily irradiation, the cows were held for 
two weeks without treatment. The following two weeks they were 
fed a liberal allowance of green alfalfa daily. 


Results 


Irradiation with ultraviolet light for one-half hour per day did 
not noticeably affect the amount of milk produced, the percentage 
of calcium or phosphorus in the milk, or the percentage of calcium 
or inorganic phosphorus in, the blood of any of the cows. 

There was some evidence that irradiation for one hour per day 
increased the calcium in the milk, but the other constituents of milk 
and blood were not affected. 

Green alfalfa evidently did not alter the amount of milk pro- 
duced or the mineral content of the blood or milk. 

The effects of ultraviolet light on the biological food value of 
milk, on the growth of young animals, and on the amount and com- 
position of milk from animals on a diet deficient in minerals or the 
antirachitic vitamin, were not studied in this experiment. 

Work is to.be continued on these problems in the near future at 
this Experiment Station. 


A Comparison of the One-Day Sample vs. the Composite’ 
Sample in the Analysis of Milk for Butterfat—Project 24 


The purpose of this experiment was to show the actual variation 
in butterfat content that exists between the butterfat test of a one- 
day sample and a composite sample of milk. 


Experimental Procedure 


Samples of milk from 12 creamery patrons were taken daily 
for a period of 15 days. As soon as the samples had been col- 
lected each day they were taken to the laboratory where the per- 
centage of butterfat in each was determined by means of the Bab- 
cock test. A portion of each sample was set aside in a jar to make 
up a composite sample for the entire period. These composite sam- 
ples were divided into six different lots, the object being to deter- 
mine the variation in fat, if any, due to the methods of handling and 
keeping the milk preserved for 15 days. Two of the lots were kept 
in rubber stoppered bottles, two in glass stoppered bottles, one in 
a capped bottle, and the other in an open bottle. In the case of 
the rubber and glass stoppered lots, the one bottle was mixed by 
means of a rotary motion and the other received a vigorous shaking. 
The cap stoppered lot received a rotary mixing and the open bottle 
was not mixed. Bichloride of mercury tablets were used as a pre- 
servative to keep the milk in good condition. In making these daily 
tests the milk was sampled at 60°F.? 


‘Conducted in cooperation with the department of agricultural biochemistry. 
“Complete results of this experiment are being published in a future issue 


uf the Journal of Dairy Science and only a discussion of results will be given 
ere. 
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Discussion of Results 


Considering these samples as a whole, it would seem that there 
is no great variation between the composite test and the computed 
average test for the 15-day period. Although all the samples show 
a slight variation between the computed average test and the com- 
posite test, these variations are well within the experimental error 
of conducting such an investigation. However, very few of the 
individual daily tests could be used as a comparison with the com- 
posite sample. The widest variation of a single daily sample from 
the composite was in the case of sample 9 which showed a variation 
of 0.9 per cent, this was very likely due to the fact that the amount 
of milk delivered on this day was over 100 pounds less than on the 
previous day. In seven cases, the variation of individual daily tests 
from the composite tests was over 0.5 per cent. Only 33 of the 
144 daily tests, or less than one-fourth, were the same as the com- 
posite test. Therefore, it is not a good policy to try to compare 
any one day’s test in a given period, with the results obtained by a 
composite sample. 

Summary and Conclusions 

1. The composite samples kept in a rubber-stoppered bottle and mixed by 
a rotary motion checked the closest with the computed average for the 15-day 
period; therefoe, this method of caring for composite samples is to be 
recommended. 

2. Accurate results were not obtained by using an ordinary milk bottle 
with a cap stopper. Also a vigorous shaking of composite samples gave in- 
accurate results due to the churning of fat particles. 

3. There will be no appreciable degree of variation between the computed 
average for the 15-day period and the composite test for the same when the 
samples are properly kept. 

4. The fat content of milk from day to day is so variable that any one 


day’s test cannot be taken as an index of the test of the composite sample which 
represents all the milk delivered during the 15-day period. 


CREAMERY INSPECTION 


The inspection of creameries in New Jersey is carried on under 
the administration of the Agricultural Experiment Station. Through 
this service the farmers in the state who sell milk on the basis! of its 
butterfat content are protected. Any complaint received is always 
thoroughly analyzed and a fair decision given. 

There are in the neighborhood of 5,000 farmers selling their 
product on this basis in New Jersey, and they are spread out over 
opproximately 88 creameries. In order to do satisfactory work, it 
is necessary to make at least three regular inspections of each cream- 
ery a year. Of course, there are a few who need a more constant 
investigation and these are generally visited at shorter intervals. 


Inspection of Creameries 


During the past year, 256 visits were made to 88 plants. Six or 
seven plants have closed and two new ones have been added to the 
list. A great deal of time has been spent on the taking of composite 
samples, of which 1,730 have been tested in duplicate. Many cream- 
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ery operators overlook the fact that a daily sample is an absolute 
requirement of the law. This provision is being strictly enforced, 
and it has been found necessary to revoke several licenses for con- 
stant violations. 
Glassware Inspection 

A total number of 4,601 pieces of glassware were calibrated, of 
which 32 were found to be inaccurate. This is a rather high total 
when compared with previous years. For the first time in several 
years the glass companies failed to send in their year’s supply dur- 
ing the winter. This seriously handicaps the system of work on 
hand. 

Testers’ Licenses 

During the year, 209 testers’ licenses were granted, 35 of which 
were new comers in the ranks. The policy of giving examinations 
in high schocls was again carried out, with the result that about 
75 per cent of the students received a passing grade. 


Weighers’ and Samplers’ Permits 


During the year, 75 permits were issued. This permit is given 
free of charge to employees of milk plants who weigh and sample 
the milk. It is also supposed to be had by all milk samplers em- 
ployed by boards of health. By this method the employee is made 
directly responsible for the weighing of all milk received and for 
the correct sampling of the same. 


Prosecutions 


A permit to weigh and sample milk held by John Kane, of the 
Farmers’ Exchange Company plant at South Branch, was definitely 
revoked and the holder fined $25.00. The charge covered a series 
of consistent violation of the law. 

A permit to weigh and sample milk held by John Ewing, of the 
New Jersey Milk and Cream Company at Flemington, was defi- 
nitely revoked. Charges have been made by the farmers of irregu- 
larities, which upon investigation were found to be justified. 

A tester’s license held ie G. H. McPeek, of Lafayette, was re+ 
voked because of irregularities in butterfats over a period of a year. 

Four men, found violating the law as a first offense, were put 
on probation. Any further violations by these men will mean a 
cancellation of their licenses. 


Conclusions 


The spirit of cooperation has been better this past year than 
for some time. More time will be spent on the correct methods of 
sampling and testing milk. The milk plant operators are realizing 
that samples must be taken daily in order to have an accurate repre- 
sentation of the milk purchased during the period of 15 days or a 
month. : 

EXTENSION 


On July 1, 1925, E. A. Gauntt was added to the dairy exter 
sion force as assistant to E. J. Perry. With two extension men in 
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the field the department has been better able to meet the demands 
for extension teaching. However, two men have not fully met all 
the demands upon their time, as the interest in dairy extension work 
seems to continue to grow. The specialists have met with dairy 
committees from each of the counties having dairy cattle and have 
drawn up extension programs for those counties. The projects 
listed under the several problems are as follows: 

Cowtesting associations 

Junior dairy work (calf clubs) 

Purebred sire campaigns 

Improved feeding 

Individual record keeping 

Dairy tours ae 
Miscellaneous, such as tuberculosis eradication, exhibits. 


SS 


Two hundred and four dairymen are now members of cow- 
testing associations in the state. These 204 members own approxi- 
mately 5,000 dairy cows. Two new full-time associations have been 
organized during the year in Warren and Cumberland counties. 
The cowtesting association seems to be gaining in popularity as a 
good business proposition for the dairy farmer. During the year 
county agents and testers have come together at the Agricultural 
College to discuss problems incident to cowtesting and record work. 
These conferences have done much to make for a better understand- 
ing among the agents, the dairy departments, and the cowtester. 
Monthly reports of record cows and the work of the association 
are being published in several county papers. 

The junior dairy work has received considerable attention dur- 
ing the year. Four hundred and thirty-four boys and girls now 
own 6/1 purebred animals. These figures are an increase over 1924 
of 110 new members in this type of work. The specialist has helped 
find sources of good animals for boys and girls wishing to take up 
this project. He also helped agents to find new members and to 
organize new clubs. Subject matter on feeding and dairy manage- 
ment has been furnished club members through meetings and 
monthly news letters. Instruction has been given in judging, feed- 
ing, and showing. The newspapers have been very anxious to co- 
operate in giving proper publicity to the work of the boys and 
girls. During the summer the dairy husbandman spent come time 
in the state with the extension specialists in selecting representa- 
tives of the different breeds of dairy cattle to be shown at the State 
Fair and the National Dairy Show. New Jersey boys and girls 
were fortunate in winning at the 1925 National Show first place 
with Holsteins, Guernseys, and Jerseys. This state was represented 
by a show herd of four animals of each of the above breeds in 
competition with several other states of much greater importance 
in the dairy industry. A New Jersey boy had the grand champion 
calf in the junior show at the National in 1925. There is no doubt 
but that this junior work is a very much worth while project and 
will evidently make for a higher standard of dairying in the state. 

The campaign to replace scrub bulls with purebreds has been 
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continued through the year. Through the extension service, 81 
purebred bulls replaced grades or scrubs in Warren and Sussex 
counties. This type of work is of immense value and should be 
contiued as a major project for many years to come. 

Eighteen meetings on better methods of feeding have been held, 
at which approximately 1,000 dairymen have been present, and 
have received first hand the message of better feeding methods. 

The monthly feeding service in New Jersey Agriculture has 
been continued and reports have come to this office of the value 
of this service to the dairymen throughout the state. Five hundred 
letters have been written in answer to questions on feeding. 

In several counties dairy tours were taken with a definite and 
interested itinerary. These tours took dairymen to some of the best 
managed herds in the state where improved practices are being fol- 
lowed. Such tours were held in seven of the dairy counties and 
approximately 400 farmers took part. 

Improvement in health of cattle has been one of the projects 
that has received attention during the year. Through the coopera- 
tion of the New Jersey Bureau of Animal Industry, dairy exten- 
sion agents and county agents are able to report over 3,000 dairy 
herds now under state and federal supervision for the eradication 
of tuberculosis. Several herds in the state are practicing the blood 
test method to eradicate contagious abortion. As a direct result 
of educational efforts of extension workers it is: estimated that 200 
herds of cattle, or approximately 4,000 animals, have been added 
to the list under federal and state supervision during the year. 

Close cooperation has existed between the state breed associa- 
tions and the extension service. The State Guernsey Breeders’ As- 
sociation has continued its activities with William M. Nulton, Jr., 
as field representative. As Mr. Nulton has an office in the dairy 
building it has been possible to cooperate closely with him in his 
work. He has been responsible for the placing of 56 purebred 
Guernsey bulls on farms in the state during the year. One of the 
chief accomplishments of the Guernsey Breeders’ Association has 
been the establishment of roadside markets for the sale of Guernsey 
milk. This type of project has met with success and has been rec- 
ommended by the Breed Association. 

Although members of the teaching staff of the department have 
not spent many days in the field, there has been very close coopera- 
tion between the faculty and the county agents. At every meeting 
of the department faculty the extension men have beeri in attend- 
ance. 


ADVANCED REGISTRY 


No decided changes have taken place in advanced registry test- 
ing during the past year. A staff of competent supervisors was 
maintained and all requests for supervision have been attended to. 
Also check tests were supervised in other states, as Connecticut, 
Massachusetts, New Hampshire, Pennsylvania, Delaware, Maryland, 
and New York. 
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Supervisors’ reports were checked in the office and reports 
mailed to the various dairy breed organizations. All data pertain- 
ing to advanced registry testing were kept in the office. Data per- 
taining to “percentage of increase over requirement” for entry into 
the various advanced registry classes, as well as data giving “ma- 
ture fat equivalents,’ were computed. 

Lists showing state and national champions of all dairy breeds 
were distributed. Correspondence was carried on relating to ad- 
vanced registry testing, feeding, and general management. Close 
to 400 farms were visited for the purpose of inspecting the work 
of the supervisors and to call on breeders. Advice was given re- 
lating to the selection of animals, and pedigrees were compiled. 
State and national supervision for the eradication of tuberculosis 
has been advised with good results. 

Some time was spent with the students’ judging team. Some 
cattle sales were attended, as were meetings of dairy organizations. 
Articles for New Jersey Agriculture and Green Sheets were pre- 
pared as well as many other articles for the newspapers. 

The New Jersey Herd Test established during the past year, is 
being tried out with good success, and it is believed that this part 
of advanced registry testing will be greatly developed. 


SUMMARY OF TESTING FOR THE YEAR 1925-26 


Cows Tested Semi-Officially Total Number of Semi-Oficiai 
TETSEY ONS Ca Sites abe beeen 64 Tests 
(ser NSEF ois one Vee 24] Jerséy 2.5.02 ee 331 
Piolsteth a7 4 sheds izgeye sees 240. (Guernsey ..i:...5 4.4 0a eee 1526 
Piyrshine’ cs. ese ee ee ee 18 Holstein: .....=. .+. ¥en See 1295 
BWI SWISS se oe eee cee 9... Ayrshire ..0... <aiianu ee 137 
Brown Swiss) «.<..< eee 27 
Total number of semi-official tests... ,.9 5.258... +> meno ererene 3416 
Number‘of breeders doing semi-official testing............-..-4+. 37 
Number of breeders. doing: official testing ..2... i... .~ oe 13 
Total number:of breeders'.domg testing). 2). ../2452+. +). = eee 70 
Number of supervisors used for official tests... J...:0. 92050 see 10 
Number of supervisors used for semi-official tests.............. 23 
Number of Official Records Completed 
7-day records» 7esas Pe eth es eee ee eee 65 
15-day recordsts5. ee ee ee 1 
S0-day "records wes ee: eaten Gipe eae ree hres 13 
60-day records) 222th Capes eee en en abe 0 
00-day. wécords) nok) Feces ew tee a ee eee ene ee 0 


THE DAIRY HERD 


During the year an average of 115 dairy animals has been main- 
tained. ‘With an increase in the number of young milking animals 
the average production for the year was not so great as during the 
year 1924. The average number of cows milking has been 39 with 
an average yearly production for all breeds in the herd of 8,901.8 
pounds of milk per cow. The income from the sale of milk and 
stock was $21,283.86. 
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It has been found profitable to milk most of the animals three 
times daily for the first few months of their lactation period; there- 
fore, approximately 30 animals have been carried under advanced 
registry conditions throughout the year. It has been interesting to 
note that in several cases cows have doubled their production of the 
previous lactation when milked three times daily instead of two. 
This station has had the honor during the year of having a world’s 
record Holstein cow as well as a State Champion Jersey. These 
two animals have given the herd considerable publicity and have 
brought favorable comment to the work being done in making 
records. 

An appropriation of $8,000 was made by the Legislature during 
the past season for the construction of a calf barn. This barn will 
meet the increasing need for more research work with young animals. 
Through the kindness of interested breeders some valuable additions 
have been made to the list of herd sires. Mr. L. F. Loree has loaned 
us a very high-class Guernsey bull to head the Guernsey herd here. 
Another gift to the institution was made by Mrs. Bliss, of Wendover 
Farms, in the presentation of a son of the famous Ayrshire show 
bull, Admiral Beatty. With the acquisition of a very fine Jersey bull, 
which has been an outstanding show ring winner, the College and 
Station herd is headed by sires which compare very favorably with 
those of any breeding establishment. 
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Report of the Department of Entomology 
Tuomas J. HEADLEE 
INTRODUCTION 


The department of entomology is concerned with the following 
projects: 

(1) Mosquito Control; (2) Climate and Insect Investigations; (3) Orchard 
Insect Investigations; (4) Investigations of Dusts and of Spreaders, Stickers 
and Diluents for Spraying and Dusting Mixtures; (5) Small Fruit Insect 
Investigations; (6) Vegetable Insect Investigations; (7) Arthropods Injuri- 
ous to Poultry Production; (8) Insects Injurious to Market Milk; (9) Inves- 
tigations in Cranberry Problems; (10) Greenhouse Insect Investigations; (11) 
Soil Infesting Insect Investigations; and (12) Bee Investigations. 

Certain phases of projects 1, 2, 3, 4, 5, 9, 1li and 12 have been 
actively pursued, while the rest of the projects have been temporarily 
inactive. 

The entomologist, in addition to exercising a general oversight 
on all departmental operations, has given especial attention to projects 
1 and 2, that portion of project 3 dealing with codling moth and 
European red mite, project 5, and to project 11, Prof. Clyde C. 
Hamilton has devoted his attention to the investigation of the ad- 
hesion of lead arsenate to the foliage and fruit of apple, to certain 
necessary side chain and certain necessary miscellaneous studies. 
Mr. Louis A. Stearns has continued to devote his time to the oriental 
peach moth investigation. Dr. Joseph M. Ginsburg, who was ap- 
pointed July 1, 1925, on a full time basis as biochemist of the de- 
partment, has devoted his attention to the problems in connection 
with the investigation of dusts and of stickers, spreaders and dilu- 
ents for spraying and dusting mixtures and to certain problems in 
connection with mosquito control. Mr. Frank W. Miller has devoted 
his attention to the problem of practical mosquito control. Mr. 
Charles S. Beckwith has continued his investigations of cranberry 
and blueberry culture, with the assistance of Mr. Byrley F. Driggers 
and Mr. Carl D. Jones. Mr. Carl Ig has continued his work as 
assistant to the entomologist in his investigations and as assistant 
curator of the insect collection. Mr. Ray Hutson has continued his 
apicultural investigations, giving his attention to project 12. 


CORRESPONDENCE 


For the purpose of maintaining the record of insect occurrence, 
upon which it is hoped later studies on insect periodicity may be 
made, the insect correspondence record is submitted. This record 
shows that 630 inquiries concerning insects were received and an- 
swered during the year and that these inquiries pertain to 225 dif- 
ferent species of injurious insects. All told, the volume of corre- 
spondence referring to injurious and beneficial arthropods amounts 
to more than 7,000 letters written and sent out. This takes no ac- 
count either of the mail sent out in connection with the work of the 
New Jersey Mosquito Extermination Association or the Cranberry 
Substation, which amounts this year to more than 5,000 pieces. 
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INSECTS OF THE YEAR 


Under this heading it is desired to submit some data supplemen- 
tary to the correspondence list which precedes: 


The European Red Mite. The European red mite (Paratetranychus A 
has exhibited a state-wide distribution during the past year and consequently 
the ordinary delayed dormant lime-sulfur and nicotine spray on apple has been 
almost entirely eliminated in favor of miscible oils and oil emulsions. 

Apple Aphis. Apple Aphis (Aphis pomi, Aphis sorbi, Aphis avenae) 
eggs, during the winter of 1925-1926, were apparently as scarce as the Euro- 
pean red mite eggs were abundant. With the elimination of the lime-sulfur 
nicotine spray in favor of mite egg killing oils at the delayed dormant time, 
a considerable infestation of the rosy aphis made its appearance in the spring 
and early summer of 1926, doing, in some instances, a considerable amount of 
harm. Taking the state as a whole, however, it can be said that the apple 
aphis has done little economic damage this year. 


Green Peach Aphis. The green peach aphis (Myzus persicae), which was 
so numerous last year, has, during the spring of 1926, been almost entirely 
absent. 

The Apple Tent Caterpillar. The apple tent caterpillar (Malacosma 
americana) has continued in as great abundance in the spring of 1926 
as for several years past and has occasioned many inquiries and considerable 
disturbance of mind. This insect is a native insect, devotes its attention in this 
state to wild cherry and neglected apple orchards, and is not an economic factor 
in food production. Its principal economic importnace seems to lie in the 
fact that its large webs along the roadsides and in other conspicuous places 
excite interest and alarm among our people. A number of local campaigns 
for its destruction have been run, principally through the medium of having 
school children and boy scouts pick the egg masses in the dormant season. 
The results of these campaigns have been very striking. 

The Japanese Beetle. The Japanese beetle (Popillia japonica) has con- 
tinued its spread during the summer season of 1925, although it did not cover 
as great additional new territory as was expected. It seems that when the 
occupied area reaches a certain relation to the heavily infested area the spread 
of the beetle becomes slow. 


The Codling Moth. The codling moth (Carpocapsa pomonella) has shown 
about the same vigor this year as has characterized its activities for the past 
several years. There seems to be no evidence at this time of increasing para- 
sitism. Wherever control measures for this insect are sufficiently faithfully 
practiced, injury by it is reduced to a negligible point. 

The Oriental Peach Moth. The oriental peach moth (Laspeyresia molesta) 
did much less injury last season than in the preceding season, owing to the 
great activity of certain parasites, and its beginnings in the season of 1926 


indicated that a similar condition will be found to obtain by the close of the 
summer season of 1926. 


INVESTIGATIONS 
Climate and Insect Investigation 
Introduction 


In the following brief discussion the entomologist has tried to 
set forth some general conclusions relative to the relation existing 
between climate and insect activity. Such controversial points as 
the thermal constant and threshold of development have. been left 
out. Climatic factors will be treated as follows: temperature, at- 
mospheric moisture, sunlight, barometric pressure, and wind move- 
ments. 
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Temperature 


Temperature measured from the standpoint of modification, 
which it is capable of making in the rate of insect metabolism, 
stands out by far as the most important factor of climate. As has 
been shown by Bachmetjew and others, the effects of temperature 
range from a death point of low temperature through a range of 
quiescence resembling death, through a range of increasing meta- 
bolism to a point of maximum speed of metabolism, through a range 
of decreasing metabolism, through another range of quiescence re- 
sembling death to a death point of high temperature. 

It has been shown by various workers that different species of 
insects are differently affected by the same ranges of temperature. 
Because of this fact, temperature forms the general limiting factor 
not only in the seasonal distribution but also in the geographical dis- 
tribution of insects. Thus, in general, every insect species has its 
northern or southern low temperature limit and approximately tropi- 
cal or subtropical high-temperature limit. The tropical or subtropi- 
cal high-temperature limit is, however, only approximate because 
the temperatures of the tropics are not necessarily lethal. 

Thus far only the direct effect of the temperature factor of 
climate has been considered. Indirectly, through limiting the dis- 
tribution of food plants and through affecting the relation existing 
between insect hosts and their parasitic and predaceous enemies, tem- 
perature materially affects the distribution and abundance of insect 
species. 

The exact mechanism by which temperature produces its effects 
upon insects is not well understood. In dealing with direct effects, 
insofar as they relate to increase or decrease of metabolic rate, 
their similarity to temperature effects on chemical reaction has led 
some investigators to attribute temperature effects on the metabolic 
rate of insects to increased or decreased speed of chemical reaction. 
This may: be true or the observed effects may merely indicate that 
chemical reaction is sufficiently dominant to give that impression. 
High temperatures are thought to kill through coagulation of the 
proteins. Again this may or may not be true because the conclusion 
is drawn from analogy. Low temperature lethal effects have been 
thought to be due to rupture of tissue through the actual congealing 
of the body fluids, This conclusion may or may not be true because 
it is drawn from analogy. 

The mechanism employed in producing indirect temperature ef- 
fects upon insect species is the same as that producing direct effects, 
because it is simply the difference in the effect of the same tempera- 
ture ranges upon host, parasite, and source of food. Without doubt, 
temperature has a far more important bearing upon the relation 
existing between parasite and host than upon the relations between 
host and predator or between insect and food plant. The most im- 
portant species of insects living as parasites on other insects belong 
to the Diptera and Hymenoptera and members of these orders are 
active within a much narrower temperature range than are their 
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hosts. In such cases temperature becomes the primary factor gov- 

erning this relationship and deterniining when and to what extent 

the parasitic form attacks the host. Fungi parasitic upon insects 

are likewise largely limited by temperature, but of a range much 

lower than that affecting the parasitic Diptera and Hymenoptera. 
Atmospheric Moisture 

Atmospheric moisture affects insect life both directly and indi- 
rectly, but to a much less extent than temperature. Like tempera- 
ture, there is a lethal low moisture, a lethal high moisture and a wide 
range between, covering a zone in which insect activity goes for- 
ward. Insects which are able to imbibe water show within the liv- 
ing range far less response to varying percentages of relative hu- 
midity than those which live upon dry foods and must either make 
their own water or absorb it from the air. 

Without doubt, low atmospheric moisture directly limits both the 
seasonal and the geographic distribution of many insect species and, 
without doubt, high atmospheric moisture limits the distribution of 
many species. High atmospheric moisture affects its limitations of 
distribution largely through the encouragement of parasitic entomo- 
genous fungi and to some extent bacteria. 

Indirect effects of atmospheric moisture are brought about 
through the curtailing of the range of food plants (low atmsopheric 
moisture) and through encouragement of parasitic entomogenous 
fungi (high atmospheric moisture). 

The mechanism underlying direct atmospheric moisture effects is 
not explained. Low atmospheric moisture is thought to operate by 
removal of water from the body fluids, producing increased concen- 
tration which, when great enough, affects the distribution of the 
insect through prevention of insect activity. It is well known, how- 
ever, that certain species can, in certain stages, withstand this con- 
dition for a long time. It is thought that there is an optimum dilu- 
tion of the body water which differs for different stages of the same 
insect and for different insects, and that metabolism proceeds slowly 
or rapidly, depending upon the relation of dilution to the specific 
optimum. It is thought that high atmospheric moisture affects in- 
sects primarily through the encouragement of parasitic entomogen- 
ous fungi and secondarily through preventing the elimination of ex- 
cess body water. 

Much further fundamental study must be made before certainty 
can take the place of supposition. 

Precipitated atmospheric moisture limits the activities of many 
species and that result is due, apparently, to mechanical effects. 

Sunlight 

Sunlight, doubtless, affects insect activities to a very large ex- 
tent, but with present knowledge its effects are not nearly as well 
known as temperature or even atmospheric moisture. It has not 
even been demonstrated where sunlight has its lethal high, lethal 
low and active range between. Its effects are largely transformed 
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into heat and appear as temperature effects. In view of the well- 
known stimulative effect of the actinic rays of sunlight, it seems very 
probable that the metabolic curve may be similiar to that of tem- 
perature and moisture. 

Indirectly sunlight affects the distribution of insects through 
limiting food plants and possibly by destroying parasitic fungi and 
bacteria. 

Barometric Pressure 


Barometric pressure, save insofar as it affects wind movements, 
seems to be of little, if any, importance. Investigations of this fac- 
tor, however, are too limited to serve as a basis for any hard and 
fast conclusions. 

Wind Movements 


Wind movements affect the activities and distribution of some 
species largely. Nearly all aerial insects stick close to shelter when 
winds are strong. Some species fly with low-speed winds and others 
against low-speed winds. A few species are moved for long dis- 
tances by long continued high-speed winds. 


Climate in General 


The relation of climatic factors to insect periodicity, if anything 
of the sort really exists, has not been uncovered by any adequate in- 
vestigation. With present data it cannot be said that any such 
relationship has been demonstrated. 

The economic value of an understanding of the relation of cli- 
matic factors to insect activity lies in the resultant ability to fore- 
cast insect outbreaks within the present area of distribution, to 
forecast distribution of species beyond their present range, when 
the great material barriers of oceans and mountains have been over- 
come, and in a betterment of knowledge in the methods of using 
artificial and natural measures of control. 


A Study of the Body Moisture, Fats and Nitrogen Occurring in the 

Apple Tent Caterpillar (Malacasoma americana) Throughout 

Its Life Cycle 

As indicated in the annual report for the year ending June 30, 
1925, this study was undertaken from the standpoint of the water 
content of the body fluid, but incidentally was extended to include 
the fat and nitrogen. Two papers by Dr. Rudolfs on the data are 
now in press. An attempt will be made here to present a short 
summary. 

The moisture content of the eggs, beginning about 48.5 per cent, 
decreased until hatching, when it reached 39.4 per cent. From this 
point it rose rapidly, reaching 68.5 per cent six days after hatching 
and 85.1 per cent at the close of the second instar. It remained at 
about this figure until pupation when it dropped to 71.0. The mois- 
ture still further decreased when the adults appeared and then 
amounted to about 60.0 per cent. 

The fat content of the eggs at deposition was about 9.0 per cent, 
and decreased until hatching when it amounted to 0.66 per cent. 
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From this point it rose until, at the end of the second instar, it was 
about 5.85 per cent. From that point the fat content rose slowly 
until the caterpillars were about 34 mm. (1% inch) long, when it 
was 8.04 per cent. When the larvae were ready to pupate the fat 
content was about 18.71 per cent. In the pupae it was about 28.82 
per cent, and in the fresh adults 26.1 per cent. 

Nitrogen appeared both in the egg shells and in the frothy 
covering of the egg mass. This covering contained 8.0 to 8.4 per 
cent water, about 16 per cent nitrogen and no fat. The nitrogen 
content of the unhatched but recently fully formed larvae ranged 
between 9.0 and 10.0 per cent. Nitrogen rose slowly and rather 
gradually to time of hatching, when it was about 15.13 per cent. 
From that point it diminished slowly until in the pupa it was about 
8.26 per cent. In the fresh adult it was about 9.03 per cent. 

In summarizing the above data it may be said that the water 
content of the egg decreased 7.1 per cent, after hatching rose 45.7 
per cent, and remained at that point until pupation when it fell 14.1 
per cent. In the adult it fell 11.0 per cent more. These facts 
serve to indicate that body water requqirements for the Apple Tent 
Caterpillar are about 40+ per cent greater in the larvel than in the 
egg stage, 26+ per cent greater in the pupal stage than in the egg 
stage, and 15+ per cent greater in the adult stage than in the egg 
stage. 

Relative to the fat content, it should be pointed out that the 
fat in the egg is almost entirely consumed, that fat is built up during 
the larval life and with especial rapidity as completion of growth 
approaches, that the process of pupation and formation of the adult 
does not exhaust it but leaves a supply to the adult from which 
energy can be drawn for activities necessary to egg maturation and 
the equipping of the eggs with a reserve food supply. 

Nitrogen, representing the proteins, bears about the same rela- 
tion to body weight throughout the cycle from egg to adult, except 
at the time of hatching when nearly all stored food has been used 
and fresh food has not yet become available. A small increase in 
the percentage of nitrogen appears in the adult which may be nec- 
essary for the formation of egg shells and cover. 


Orchard Insect Investigations 
Codling Moth 
Liming of Sprays for Control of the Side-Worms 
of the Codling Moth 

This is a subject to which a large amount of attention has been 
given in various parts of the United States. Some years ago, after 
investigation, the codling moth cage was adopted as the most prac- 
tical method of determining the time when the application for side- 
worms of each of the broods should begin. 

One hundred apparently healthy hibernating larvae of the cod- 
ling moth were collected and placed in a screen-wire-bottom wooden 
box, which was painted white and hung to a limb of an average 
apple tree in what was considered an orchard typical of the region 
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concerned. Each larva was enclosed in a small glass vial plugged 
with rolled cotton. At least one of these cages, and not infrequently 
more, were maintained within the limits of a single county under 
the care of the county agricultural agent. It was found that there 
always came a time when the curve of emergence exhibited a sud- 
den and large upward jump. Promptly when this jump made its 
appearance the growers were advised to begin spraying for the 
side-worms of the codling moth. 


Descending adult larvae of the first brood of codling moth were 
collected from burlap bands each in its own glass vial, plugged with 
rolled cotton and placed, as before, in the codling moth cage. Soon 
after the emergence of the second brood of moths began, evidences 
that, a large upward jump in the curve was due would appear, and 
as soon as these evidences were detected the growers were advised 
to make spray application for the side-worms of the second brood. 


This scheme of timing seems to have resulted in the establish- 
ment of pretty satisfactory control of the side-worms of the cu cl- 
ling moth, but the finding of codling moth adults in bait pans used 
for catching adults of the oriental peach moth led us to wonder 
whether the bait pans might not be used as an indicator. The work 
of Glenn on the codling moth thermal constant in the state of [lh- 
nois also excited our interest. It was decided to make comparative 
tests of the three methods. Accordingly stations for this purpose 
were established at Pattenburg, latitude 40°-38’ north, altitude 700 — 
feet above the sea; New Brunswick. latitude 40°-29’ north and alti- 
tude 110 feet; Riverton, latitude 40°-1' north and altitude 15 feet; 
Glassboro, 39°-43' north and altitude 130 feet; and Bridgeton, lati- 
tude 39°-56' north and altitude 90 feet. We should like to have 
included a station in Monmouth County, but the facilities at our 
coimmand were not sufficient. At each of these stations a tested maxi- 
imum and minimum thermometer was established, and a codling 
moth cage, containing 400 larvae, was placed. At Glassboro two 
codling moth cages were placed and ten bait pans were installed. 
The bait material used was practically the same as that employed 
for the oriental peach moth and consisted of three parts by volume 
of “Black Strap” molasses and one part by volume of water. Yeast 
was added to each pan. The larvae in each of the boxes, except 
the second one at Glassboro, were drawn from collections made 
at two different times. One 200-component was drawn from 
collections made in September, 1925. A second 200-component was 
drawn from a collection made in January, 1926. In all of these 
cases the collections were made at Glassboro, brought to New Bruns- 
wick and left in the screened outdoor insectary for storage until the 
time they were placed in the boxes and carried to each of the dif- 
ferent stations. The second box at Glassboro contained over 400 
larvae which were collected in February from the orchard in which 
the box was placed. Just as soon as the material was collected and 
placed in the box it was hung on a tree in the orchard. 
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TABLE 2 
Bait Pan Records at Glassboro, Codling Moth, 1926 


NUMBER OF ADULTS OF CopLING MotTH Be aa 
Date IN Bart Pans Temp. 


|No.1 No.2 No.3 No.4 No.5 No.6No.7 No.8 No.9 No.10|Total | Min. |Max. 
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The results from this test up to approximately June 30 are in- 
cluded in three tables, the first of which relates to codling moth cage 
emergence, the second to bait pan records and the third to the dates 
which the thermal constants for the different stages were accumu- 

lated (tables 1-3): 
| According to the thermal constant study the first adults of cod- 
ling moth were due at Pattenburg on June 8, at New Brunswick 
on May 23, at Riverton on May 26, at Glassboro on May 18, and 
at Bridgeton on May 17. First emergence of the hibernating gen- 
eration of moths in the codling moth boxes appeared at Pattenburg 
in the week ending June 8, and at New Brunswick, Riverton, Glass- 
boro, and Bridgeton in the week ending May 29. Bait pan records 
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TABLE 3 
Dates Based on Thermal Constants, Codling Moth, 1926 


|Pattenburg |New Bruns.| Riverton | Glassboro | Bridgeton 


Hibernating He, i % ei i%, i % 
Stages of eal es [ee] 2 | Bel 2 [ee] 2 [28] 2 
ee ltd Guiee A ee Gules A leech o 
| | 
Hibernating | 
Generation | | 
First Adults ...| 340 | 6/8 | 340 | 5/23] 340 | 5/26} 340 | 5/18] 240 | 5/17 
| 
First | 
Generation | 
First Larvae ..| 550 | 6/24| 550 | 6/11} 550 | 6/18) 550 | 6/6 | 550 | 6/2 


First Adults 


*Accum. Temp.—Accumulated Temperature. 


at Riverton by Dr. Peterson showed the first moth on May 18 and 
his most favorably placed open cages showed one emergence on the 
same date. On May 14 two fresh pupal skins were found on tree 
trunks in Glassboro. ‘These data would seem to indicate that the . 
thermal constant figure is not far off, but that hibernating larvae 
drawn from a central point and placed in boxes of this type show 
emergence a little early when carried north and a little late when 
carried south. 

According to the thermal constant the first larvae were due to 
appear in Pattenburg on June 24, at New Brunswick on June 11, 
at Riverton on June 18, at Glassboro on June 6, and at Bridgeton 
on June 2. As a matter of fact, larval injury surrounded by red- 
dish tissue was observed at Pattenburg on July 2. This reddening 
of the tissue is a process that normally takes several days and it is, 
therefore, reasonable to say that the injury began right at the end 
.of June. As a matter of fact, larval injury of the same stage ap- 
peared in the Glassboro district about June 11, indicating that it 
had begun about June 7 or 8 and possibly as early as the fourth or 
fifth. Thus, it appears that the thermal constant determination for 
the appearance of the first larvae is very close to the facts as ob- 
served in the orchards and that the apparent differences between the 
thermal constant rate and the codling moth cages may very well be 
due to the methods used in securing the material and in the distribu- 
tion and placing of the cages. 

The maximum emergence of the codling moth in the boxes oc- 
curred at Pattenburg and at New Brunswick in the week ending 
June 19, at Riverton in the week ending June 12, and at Glassboro 
and at Bridgeton in the week ending June 5. Under the scheme 
used in prevous years. spraying would begin at Pattenburg on June 
16, at New Brunswick on June 19, at Riverton on June 11, and at 
Glassboro and Bridgeton on June 4. If advice to spray were issued 
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to the growers at the time the thermal constant indicated that the 
first larvae were active, the spraying would begin at the time when 
the codling moth cages indicated it should at Bridgeton and Glass- 
boro, the region in which the codling moth hibernating larvae were 
collected, but at Riverton it would have started at least a week too 
late, at New Brunswick a week too early and at Pattenburg a week 
too late. As a matter of fact, the cold nights at Pattenburg, in all 
probability, would have made the week’s delay ineffective in affecting 
codling moth side-worm control. The codling moth box at New 
Brunswick was kept in the screen insectary, which was more or 
less shaded by the building to which it was attached, and by the 
trees which over-hung it, and the emergence from the codling moth 
cage, at New Brunswick, therefore, was probably delayed by about 
that much. At Riverton the maximum and minimum thermometers 
were attached to the trunk of a large tree growing in the yard of 
Mr. H. G. Taylor, and for this reason were subject to much shade 
and to cool soil. It is probable that the thermal constant indication, 
because of these conditions, arrived about one week later than it 
would have, had the thermometers been placed on a post in the open, 
ag is the usual procedure. At this point, it should be said that the 
thermometers were enclosed in open-bottom, white. pine, white 
painted boxes. These variations indicate distinctly that the greatest 
care must be exercised in placing the thermometers and codling moth 
boxes where they will be subject to typical orchard conditions, as 
are the tree trunks of the apple trees on which the larvae pass the 
winter. : 

The upshot of the comparative study of indicators thus far in- 
dicates that the thermal-constant method has considerable merit. 

Examination of the bait-pan records, which were obtained from 
ten pans located in an orchard at Glassboro, show distinctly that 
while they may be taken as an index of the presence or absence of 
the codling moth in the orchard where they are located, they can- 
not be depended upon to indicate clearly and unmistakably the period 
of maximum emergence. On cold and windy nights no codling moths 
appear in the pans, although they may be present in the orchard. 
On cold and windy nights very few, if any, eggs seem to be de- ° 
posited and the bait-pan records may be taken as an indication not 
only of when the moths are present but when they are sufficiently 
active to lay eggs, for when they are active they enter the baits. 

In summarizing the results of this study thus far, it may be 
said that the thermal constant used in conjunction with the codling 
moth cages forms a pretty good indicator of the time when sprav- 
ing for the side-worms of the first brood should take place. The 

ait pan is chiefly important where the codling moth infestation 
has, in previous years, been dense and injury large. 

As has been previously set forth, where codling moth injury 
has been very serious, satisfactory | results i in spraying for its control 
come only when the fruit is. kept completely coated with a film 
during the period of entry by side-worms of. the first and second 
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brood. Here the bait-pan indicator is extremely valuable, for as 
soon as the activity ef the codling moth under these conditions is 
sufficient to cause it to enter the bait pan, the time for coating has 
arrived and the film coating of the fruit must be maintained until 
the moths no longer appear in the bait pans. In dealing with cod- 
ling moth control in an area where the infestation on unsprayed 
fruit does not exceed 50 per cent of the picked fruit, the thermal 
constant and the codling moth cage become extremely important 
for, as a rule, one thorough spraying resulting in a coating of the 
fruit, applied immediately after the time of maximum emergence 
in the first brood and just previous to maximum emergence in the 
second brood, effects a satisfactory control of side-worm injury of 


each brood. 
The Codling Moth at Glassboro 


A number of the apple growers in the Glassboro district reached 
the decision that the codling moth was doing them sufficient injury 
to justify a vigorous concerted effort to control it. Accordingly, a 
group, whose holdings involves 1,376 acres, effected a simple organi- 
zation and requested the entomologist to supervise their spraying 
operations. 

In this block of bearing orchards in 1925 the codling moth suc- 
ceeded in entering an average of about 48 per cent of the fruit har- 
vested at picking time. Of course, much of this entry involved only 
one pinhole per apple and could not be charged with rendering all the 
infested fruit unsalable. It is, therefore, probable that the average 
percentage of the fruit rendered unsalable by the codling moth in 
this block of! bearing orchards did not exceed 25 per cent. 

The following plan of procedure was adopted and has been car- 
ried out in the season of 1926 insofar as the adequacy of the 
orchard spraying equipment and management would permit. The 
results on June 30 may be stated as a condition of the fruit far 
freer from worms than had existed in most of this acreage for the 
past several years. As might be expected, some of these orchard 
properties were almost entirely free from worm injury on fruit on 
the above date. In fact, no injury whatever could be found in one 
of these orchards. In others some small injury could be detected, 
and in others larger amounts of injury. There seemed to be a direct 
correlation between the faithfulness with which the film coating 
was maintained during the period of entry by the side-worms of the 
first brood and the freedom from injury. The final results of this 
effort can be recorded only when the fruit is ready to pick. 


Plan for Treatment of Certain Glassboro Orchards 
FoREWORD 


These plans were formulated in the course of a meeting of cer- 
tain orchard owners and. operators, held at the Franklin Inn in 
Glassboro on March 11, 1926. It was agreed by the growers that 
drastic action against the codling moth had become necessary to the 
successful growing of apples in their plantations because the codling- 
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moth injury during the season of 1925 ranged from 15 to 80 per cent 
of the picked fruit and appeared both in the form of culls and low- 
grade fruit. 

It was agreed that the New Jersey Station representatives should 
specify what spray materials to use, when to use, and how to apply. 
It was agreed that the growers would follow directions faithfully, 
equipping themselves with machinery, materials and labor as needed. 
It was further agreed that needed measures of orchard sanitation, 
such as prevention of moth emergence from storage and the use 
of burlap bands, should be promptly carried out by the growers 


when and in the manner described by the New Jersey Station rep- 
resentatives. 


It is, of course, obvious that a spraying program for codling- 
moth control must also include treatments to protect the fruit from 
other insects and plant diseases and the following plans, accordingly, 
will be found to include these additional matters. 


DELAYED DoRMANT SPRAY 


This spray should begin at the earliest indication of the “silver bud” and 
be completed before the leaves project noticeably from the fruit buds. 

It should consist of miscible oil at the manufacturer’s recommended strength, 
or of stabilized oil emulsion used at the rate of 3 gallons to 97 gallons of 
water. A tree 18 feet to 20 feet tall and 25 feet in diameter should receive 
about 8 gallons of spray applied in such a way as to coat it from the ground 
to the tip ends of the smallest twigs. 


This treatment is intended to kill the overwintering eggs of the European 
red mite and San José scale. 


Pink-Bup SPRAY 


This spray should begin as soon as Stayman and Delicious show color, and 
be pushed as rapidly to completion as is possible. It must be finished before 
any of the flower buds closely approach the opening stage. 

It should consist of 1 gallon of commercial lime-sulfur solution to 40 gallons 
of water to which lead arsenate is added at the rate of 1% pounds to 50 gallons. 
A tree of the size above mentioned should receive about 8 gallons. It should 
be applied in such a fashion as to coat all parts of the tree, except the trunk 
and larger branches. . 

The purpose of the lime-sulfur is to kill apple scab and of the lead arsenate 
to kill tent caterpillar and canker worms. If these insects: are known to be 
absent the lead arsenate may be omitted. 


BLossoM-FaLL SPRAY 


‘This spray should begin when the blossoms are practically all off and must 
be pushed to completion within six or seven days, or the calices will have 
closed and can not be poisoned. 

This spray should consist of 121%4 pounds of New Jersey Dry-Mix, 1% 
pounds of lead arsenate, and 1 pound of powered sweet skimmed milk or 
casein sticker to 50 gallons of water. The 1 pound of sticker is additional to 
the % pound already present in the 1214 pounds of Dry-Mix. For the size 
of tree mentioned above (18 to 20 feet tall and 25 feet in diameter) about 9 
gallons of spray will be needed. This spray should be applied from above in 
ae manner as to hit the upturned calices and to leave a deposit of poison 
in them. 

The sulfur included in this treatment is intended to prevent apple-scab . 
infection. The lead arsenate is intended so to poison the calyx cups that they 
will remain deadly to all codling moth worms which may attempt to penetrate 
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the blossom-end of the fruit. The arsenate of lead is also intended to start 
the protection of the fruit from curculio sting or puncture. THe powdered 
sweet skimmed milk or casein sticker is intended to help form a film coat and 
to increase the adherence of the material to foliage and fruit. This spray 
starts the building up of the coating which should be maintained during the 
forepart of the growing season. 


SEVEN-Day-AFTER-BLOSSOM-FALL SPRAY 


Beginning where the blossom-fall spray began, start covering the orchard 
again in 7 days after the falling of the blossoms, and continue until the plant- 
ings have been coated. 

This spray has precisely the same composition as the blossom-fall spray 
and needs the same number of gallons per tree. It should be applied in such a 
way as to film-coat both fruit and foliage. 

The purpose of this spray is to afford additional protection from apple 
scab through the medium of the sulfur used and to give protection from cur- 
culio sting or puncture through the lead-arsenate component. In fact, this 
spray has been especially designed to afford protection from curculio. If 
that insect were not present, it would certainly have been omitted. — 


SEVENTEEN-DaAy-AFTER-BLOSSOM-FALL SPRAY 


Beginning 17 days after the blossom-fall spray again cover the orchard. 

This spray consists of 124%4 pounds of Dry-Mix, 2 pounds of lead arsenate 
and 1 pound of powdered, sweet skimmed milk or casein sticker to 50 gallons 
of! water. It should be so applied as to film-coat both fruit and foliage and . 
will require about 10 gallons for a tree 18 to 20 feet high and 25 feet in 
diameter. 

The purpose of this spray is to afford additional protection from apple 
scab through its sulfur content, to complete through its lead arsenate the pro- 
tection from the curculio, and to begin protection from the first-brood side- 
worms of the codling moth. 


First SipE-Worm SPRAY 


The time when this sppray should be applied will be determined by the 
development of the codling moth and word will be furnished when it should 
be given. 

This spray has the same composition as the 17-day and the tree require- 
ments are also about the same. When treating early apples, omit all sticker 
in this treatment. This is a cover spray and both sides of the foliage and all 
sides of the apple should be film-coated. 

The purpose of this spray is to destroy the entering worms of the first 
brood of codling moth and to continue protection against the apple scab. This 
completes the spraying for early apples. 


PossIBLE ACCESSORY SPRAYS 


From the application of the preceding spray the film coating should be 
maintained until the first-brood side-worms have ceased to enter. Any sprays 
given for this purpose should have the same composition as the first-brood 
side-worm spray, except that the Dry-Mix may be reduced to 8 pounds to 
50 gallons. 

SECOND-Broop SipE-WorM SPRAY 


The time of the application of this spray will be determined by the develop- 
ment of the codling moth and notice will be given when it is due. 

The composition of this spray is 8 pounds of Dry-Mix, 2 pounds of 
powdered lead arsenate and 1 pound of additional sticker (powdered sweet 
skimmed milk or casein) to 50 gallons of water. About 10 gallons will be 
required for a tree 18 feet to 20 feet high and 25 feet in diameter. This is 
another cover spray and should be applied in such a fashion as to coat both 
surfaces of the foliage and all sides of the fruit. 

The purpose of this spray is to protect the fruit from entering side-worms 
of the second brood of codling moth. 
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PossIBLE ACCESSORY SPRAYS 


It is possible that treatments may be required after the application of the 
preceding sprays. If so, they should have the same composition, except that 
all stickers should be omitted. 


Oriental Peach Moth 


The work against the Oriental Peach Moth has been carried on 
by Mr. Louis A. Stearns and certain temporary assistants. Mr. 
Stearns’ report of his work follows: 


A Report on the Investigation of the Oriental Peach Moth 
(Laspeyresia molesta Busck) for 1925 


Louis A. STEARNS 
Biological Studies 


Aside from enlarging slightly upon its scope, no departures were made in 
the conduct of this phase of the investigation during 1925. For comparative 
reasons the problem was approached, as in the preceding year, from four angles: 
first, a detailed study of the seasonal life history of the insect under insectary 
conditions; second, young peach trees in the orchard adjoining the insectary 
were caged and the life history and habits were thus further recorded as a 
correction upon the slightly subnormal insectary conditions; third, observations 
on larval development and the conditions of infestation were made in six differ- 
ent localities in the state; fourth, a study of the attractiveness of baits was 
continued and elaborated upon by observations on dispersion. The results: of 
these several lines of endeavor are summarized herewith. 


Insectary Life History 


The data secured in 1925 in regard to the length of time required for thé 
incubation of the egg, for the feeding to maturity of the larva and for the 
construction of its cocoon, for the duration of the pupal stage and finally, for 
the development of each single generation in these several stages combined are 
comparable with and confirm the data accumulated in 1924. The information 
in regard to.the seasonal life history conducted in the insectary has been 
summarized in table 1. 

The detailed records for both years are being prepared for publication in 
bulletin form. In 1925, as in 1924, there were three complete broods and a 
partial fourth brood of this insect at New Brunswick. The few and slight 
irregularities in the life histories for the two years can be readily explained as 
anticipated seasonal variations due to temperature differences. 

In figure 1 the records of adult emergence at New Brunswick during 1925 
are plotted by a full line with the similar records for 1924 superimposed by a 
dash line. The emergence periods for the spring and first broods of the suc- 
cessive years are coincident. Differences at the very beginnings and the extreme 
ends of these curves are apparent, however. A scattering emergence occurred 
in 1925 over a period of 12 days prior to thé first emergence record for 1924. 
The slightly earlier autumn of 1925 resulted in a displacement of the second 
and third-brood emergence forward so that the late August ripening varieties 
received a somewhat more severe third-brood larval infestation than during the 
season preceding. In 1924 the peak of third-brood emergence was not reached 
until late September and emergence did not end until the nineteenth of October. 


Life History on Caged Peach Trees 


For the season of 1925 eight large 3-year-old trees were enclosed in an 
8 by 8 by 8-foot cage. The covering of these cages was a fine 40 by 44 mesh 
cotton gauze. For each brood two cages were used. The first adults to appear 
were placed in the first cage of each brood, while the last adults to emerge were 
placed in the second cage of each brood. Daily examinations of all cages in 
operation were made and all details of the life cycle were checked insofar as 
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was possible. Table 4 summarizes some of the results obtained from this study 
by presenting the extremes for the duration of the successive broods of 1925. 


MISCELLANEOUS FIELD OBSERVATIONS ON Lire History 


During the late winter and spring of 1925, records were secured on the 
progression in transformation of over-wintered larvae by weekly examinations, 
from February 13 until May 8, of material in an old quince planting near 
Burlington. These data, which have been summarized and compared with 
similar data from New Brunswick in table 3 show that on April 3 with approx- 
imately 70 per cent of the larvae pupated at Burlington, less than 1 per cent 
had transformed at New Brunswick; again, that on April 24 when the first 
spring-brood adult emerged at New Brunswick fully one-third of the moths 
of this brood were emerged at Burlington. The impetus given the seasonal 
life history of the moth at this time in the Burlington-Riverton district re- 
sulted in the development of an additional partial brood at the close of the 
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summer, a factor determined by the larval collection records for Riverton 
(p. 188). Other larval collection records for Bridgeton and Hammonton 
point to the probability of an additional partial brood at these localities as well. 


LARVAL DEVELOPMENT IN THE ORCHARD, CONDITIONS OF INFESTATION AND 
PARASITISM 


Observations on larval development and the conditions of infestation by the 
peach moth were made in six different localities in the state—at the College 
Fruit Farm, New Brunswick, at H. G. Taylor’s orchard, Riverton, at the Del- 
Bay Farms, Inc., Bridgeton, at Layton Parkhurst’s orchard, Hammonton, at 
John Hendrickson’s orchard, Middletown, and at John Hankinson’s orchard, 
Glen Moore. These orchards were visited weekly on 18 successive weeks from 
approximately May 15 until September 15. Larvae were collected from in- 
jured twigs for exactly 1 hour. The larvae of each collection were sized 
according to their length in millimeters (2 mm.—just hatched to 10 mm.— 
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mature), the total recorded, and the material taken to the insectary at New 
Brunswick in order to secure emergence records. The data thus obtained were 
indicative of the relative severity of the several infestations, the progress in 
development of the successive broods, the transfer from twig to fruit feeding, 
the extent of parasitism and the decline in infestation due to this factor. This 
information for the several localities in which observations were made is 
shown graphically in figures 2 to 7. 


TABLE 3 


A Comparison of the Progression in Transformation of Spring- 
Brood Pupae and in Emergence of Spring-Brood Moths, 
Burlington and New Brunswick, N. J., 1925 


ee cn Pupated sce Emerged — 

Dates, 1925 Burlington Baan tele Burlington lington | Brunswick Barn sitle 

| percent | percent | percent | percent — 

io. 2 ad | 0.0 | 0.0 0.0 | 0.0 
EUs) eee | 0.0 | 0.0 0.0 | 0.0 
AeA: OE eae | 0.6 0.0 0.0 | 0.0 
March OTR | 19.1 0.0 0.0 | 0.0 
RO Aa ok Shed 0.0 0.0 0.0 
Rio dee eee 42.3 0.0 0.0 0.0 
April 5 RM AE PO 69.8 0.8 0.0 0.0 
oa Eas oe 79.4 ifthe 4.6 0.0 
LT Sig aa ur a 87.4 9.9 Pad oe 0.0 
“BS ie One ae | 95.7 24.4 30.6 0.0 
May Le eR 98.3 ered 60.3 0.7 
Se ee 100.0 71.8 86.7 | |e 
eee 90.1 | od 
Bee eres Sisto 97.7 | | 16.5 
12) GRD 100.0 | 32.8 
June Tho Peet 83.9 
Spe | 95.3 


Note: Burlington records based upon 2,552 individuals. New Brunswick 
records based upon 1,469 individuals. 


The infestation during the spring of 1925 apparently centered in the Ham- 
monton district with Bridgeton rating an 81 per cent infestation, Riverton 51 
per cent, New Brunswick 38 per cent, Glen’ Moore 30.5 per cent and Middle- 
town 20.5 per cent. The earlier outbreak of a larval parasite (Macrocentrus) 
at Hammonton, accompanied by a continuance of conditions favoring its activi- 
ties, later reduced this locality to second place with the center of infestation 
transferred to Bridgeton. Riverton, New Brunswick, Glen Moore and Middle- 
town, retained, however, their positions as third, fourth, fifth and sixth rate 
infestations throughout the entire season. 

The season of 1925, as a whole, was characterized by an unusually extensive 
parasitic outbreak. Considering each of the collection localities individually, 
an average of 68 per cent of all larvae collected during the season at Ham- 
monton were parasitized, at Bridgeton 48 per cent, at Riverton 44 per cent, 
at New Brunswick 26 per cent, at Glen Moore 16 per cent, and at Middletown 
15 per cent. 

One species, a Hymenopterous larval parasite, Macrocentrus sp?. (probably 
ancylivora Rohwer, also a parasite of the strawberry leaf-roller (Ancylis 
comptana Frohl.) previously reared in Virginia and Maryland and recorded 
for the first time in New Jersey in 1924, figured largely in this reduction in 
infestation. Especially was this true at Riverton, Bridgeton and Hammonton 
where this species comprised 90, 98 and 96 per cent, respectively, of all parasites 
reared. Table 4 is included as a record of the number and relative importance 
of the several species of larval parasites reared from the Oriental Peach Moth 
in this state in 1925. 
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Fic. 2. Recorps or Larva CoLLecTions AND THE EXTENT oF PARASITISM, 
New Brunswick, N. J., 1925 
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Fic. 3. Recorps or Larvat CoLLEcTIoNS AND THE EXTENT oF ParasITISM, 
Riverton, N. J., 1925 
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Fic. 4. Recorps or LARVAL COLLECTIONS AND THE EXTENT OF PARASITISM, 
Brinceton, N. J., 1925 
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Figs Aisa oF LARVAL COLLECTIONS AND THE EXTENT OF PaRASITISM, 
Hammonton, N. J., 1925 
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Fic 6. Recorps or Larvat CoLLEcTIONS AND THE EXTENT oF ParasITISM, 
Mipptetown, N. J., 1925 
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Fic. 7. Recorps oF LarvaL CoLLEcTIONS AND THE EXTENT OF PARASITISM, 
GLEN Moore, N. J., 1925 
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TABLE 4 


List of Oriental Peach Moth Larval Parasites Reared in New 
Jersey, 1925* 


Primary Parasites Number Reared 
1—Macrocentrus ancylivora Rohwet............0..ccecc cence ceeenee 569 
Camm ereupsciiciiaris Cress... 68 ss cc ova e eel een sas ence 83 
3—Calhephialies sp? (apparently undescribed) .................... 25 
mmmmromerus ocellatus Cush. 620. i vcce sce cc cess ccesaates dbemers 20 
UTOTILSE SEAT CUSIL, 50, ss sate sortie bea aera tus a\2 Sine wie < ach ee pled. Wane 10 
SSL C aT OPUESH ANY COG, cis oe sling acd ayes 6 oe winueis “aceon aie sagas 10 
Mericrioma tibialis Hald.. 2... 2.0 ccc cee cee ccc cence ne nse ne 
SeMEEEOGOSTCT COTPOCOPSAE (VIET. ) 00. ec ences as cece ce cenceestevens 
9—Calliephialtes grapholithae (Cress.).............2205: ahey er 

ELIE SOMUET Eee Ma ten dd ots... SOR MRS ST Age bas Pasa oma 
Dumseescterus ineptifrons Gahan... .. cts eee ieee cena leece 
ET 155 1 AOOLOT? (GLOSS, ) oon os vee eeee cok pot ls es theet aes 
TRICCTIS CONQUISILOF -COAY ) fvcncc svc tese- paces neqeccecenbocrns 
14eeearitis consimilis (Ashm.).......0.0.0 cece ccc e cece eceeeaeeees 
PSMEEEDTILIS POISUIRELOTUM VIET... 0.555 ccc des tetera ee vcscensnaes 
ELE RCT OM eo arog cone aid ceia ssi Po BN Ase Sales, des ais ote ec 
NAT EA CSCS Oe PA ae Seated anak gizes Siti Bia Gh ogi davare aa dual da Bee wile 
FEE OCE VV PLISHSD Lome h nee Sore wives Wstiddies: oohla cand Avie Bead Sate oal es 
eer er crus Wy phantriag Rileyec sd csale ies oo 8h io sldle ciiws sip Died Se ba we 
ee I OLEPGNSDIEN etl tis ANG. stot eee ue eeER UU TT IY: 
EE PIESOIST Pattee! cece as clr Ad eee ee ae Vie Oe helenae 

Secondary Parasites 

1—Dibrachys boucheanus Ratz. 


fm ek ek fk ek fee feet pet et et eet OO 00 


*Acknowledgment is made here of the determination of these parasites by 
Rex pean A. B. Gahan and S. A. Rohwer, U. S. National Museum, 
Washington, D 


ATTRACTIVE BAItTs 


A study of the response of the adult moths to baits entered upon in 1924 was 
continued. Although additional baits (particularly apple and vinegar baits) 
were experimented with, none proved as attractive as the molasses-yeast bait, the 
efficiency of which had been suggested in the previous season’s work, and which 
had been reported upon by Dr. Alvah Peterson.1 


This molasses bait, made up in the proportions of 1 part of molasses to 3 
parts of water with a single yeast cake added to each 10 gallons of solution, 
was placed in small stew kettles of a 6-inch diameter and suspended in trees 
at approximately 5 feet from the ground. Thirteen of these kettles in con- 
tinuous operation, over a period of 153 days from May 1 to September 30, 
inclusive, resulted in a total catch of 2,269 moths, 1,218 of which were males 
and 1,051, females. This total represents 1.1 moths per can per day for the 
period of operation. The results for this year would seem to indicate that while 
a bait can or “trap,” of the character described, might serve as an excellent 
adjunct to a life-history study for the determination of emergence in orchard 
as compared with insectary conditions, its practical value is debatable. In its 
present status, as a possible control measure for this particular pest it will 
probably fall into the same category as “banding,” a supplementary measure 
for codling-moth control. 


1Peterson, A., 1925. A Bait which arate the Oriental Peach Moth (Laspeyresia 
molesia Busck.). Jour. Econ. Ent. 18: 181-190. 
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Control Studies 


The report covering the control phase of this problem for 1924 emphasized 
two measures as of possible practical value, namely, thorough spring cultiva- 
tion, and, where the conditions of infestation and prospective yield seem to 
justify the expense, the addition of 40 per cent nicotine at the 1 to 800 dilution 
in the summer sprays commencing with the shuck-split application. The results 
of the further study given these two measures in.1925 will be considered here. 


CULTIVATION 


The recommendation for the current year in respect to cultivation called 
for plowing to the depth of six inches, getting as close to the tree as possible 
without damage to the roots or trunk, this plowing to be followed by a very 
thorough disking to the depth of at least 4 inches. It was further advised 
that these operations be completed during the month of April at which time 
the majority of overwintered larvae have reached the pupal stage. In studying 
the data secured in 1924 in respect to cultivation as compared with no cultiva- 
tion, the conclusion was reached that the heavy turnover resulting from the use 
of the plow was responsible for the burial and consequent destruction of the 
overwintered larvae, and that the cutting action of the disk alone would not be 
sufficient to accomplish the desired end. 

The evident disinclination on the part of many, who do not plow, to follow 
the recommendation, pointed to the need of determining as soon as possible the 
relative merits of plowing alone as compared with disking alone, and further 
as compared with plowing and disking combined. 

Accordingly arrangements were made to secure such information by experi- 
ments, one of which was located in an orchard of Byron Roberts, at Five 
Points, near Palmyra, and the second in the Del-Bay Farms at Bridgeton. 

In the Roberts orchard the cultivation treatments were given adjoining 
5-acre plots running crosswise through the three varieties, Greensboro, Carmen 
and Belle of Georgia. The cover crop was rye. Cultivation was commenced 
on March 31 and concluded on April 2. Further cultivation was withheld for 
three weeks. The 20-acre block of Belles with a clover cover crop was divided 
into three equal plots in the Bridgeton experiment. 

Irrespective of treatments, the actual fruit loss from the Oriental Peach 
Moth in the Roberts orchard, as determined by splitting the fruit, averaged 
but 1.8 per cent for the three varieties mentioned. At the Del-Bay Farms 
orchard, the Belle infestation averaged 12.6 per cent. The results of these two 
experiments, as given in tables 5 and 6, show that in neither orchard was there 
any appreciable difference in the effectiveness of the three treatments. In view 
of this fact, it seems reasonable to conclude that a thorough disking in the 
spring should prove.as efficient as a combination of plowing and disking for 
the burial and consequent destruction of the overwintered larvae. 


SPRAYING EXPERIMENTS 


Although the results of the experimental spraying operations reported for 
1924 had confirmed the results of similar work conducted previously in Vir- 
ginia, it seemed desirable to test further the efficiency of 40 per cent nicotine 
as an ovicide and partial larvicide for this insect under New Jersey conditions. 

One experiment was located at Moorestown in Arthur H. Collins & Sons’ 
orchard and the second for comparative reasons at Bridgeton in the Del-Bay 
Farms. The writer’s participation in the work consisted solely in the selection 
of the experimental blocks, in recommendations as to spraying dates and in the 
recording of results at picking time. 

At Moorestown a 15-acre planting of Elberta with a cover crop of vetch 
was divided into two equal plots. One plot, as recommended, was plowed and 
disked, later receiving 40 per cent nicotine in 6 summer sprays commencing 
with the shuck-split application; the second plot was disked only and received 
the 6 summer sprays with no addition of nicotine. Inasmuch as the cultivation 
tests rule out any advantage due to varying the type of cultivation we must 
assume that the difference in results is attributable to the addition of 
cree The results. of. the experiment. in the Collins orchard are given in 
table per 
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ARLES 


Results of Experiment to Determine the Effectiveness of Different 
Cultivation Practices in the Control of the Oriental Peach 
Moth, Byron Roberts’ Orchard, at Five 
Points, Near Palmyra, N. J., 1925 


£ es *Infestation 
ee ieee 
Plot Typ : of Variety = Ps @-~| Variety Plot Average 
Cultivation errs a 3 :: 
Pane e 
Ags Et &(5| No. | per cent No. |per cent 
1 |Disked only |Greensboro | 7-15, (e142) G7 § 4.93.4 | 
Carman $-6) peseee |, Ley 1.534 | 
Belle of Georgia | Crag 259K feese Wi R72 | 
| | | 1451 40 | 2.76 
2 |Plowed only |Greensboro It 7-10 ole Sal 6.00 | 
| Carman | 8-6 | 6342)-- 6/2 0.95 | 
| |Belle of Georgia | 8-14 | 560 | fg ok eh Oe | 
| a 
| | | | 1506 | L203 \ond3S 
3 |Plowedand |Greensboro Fel ee lezal \30 1, 2.40 | 
| disked |Carman | Soo ve Odea yal We « L4G | 
| |Belle of Georgia | 8-14 | 893 | 12 | 1.34 | | 
| | 
| | 1949 | 20 |] 1.49 


*Determined by splitting fruit. 
+Data taken from one tree for each variety in each plot. 


TABLE 6 


Results of Experiment to Determine the Effectiveness of Different 
Cultivation Practices in the Conirol of the Oriental Peach 
Moth, Belle of Georgia Variety, Del-Bay 
Farms, Inc., Bridgeton, N. J., 1925 


S i 
ep lie 
Type of 2 Fh ay Visible *Non-visible Total 
3 Cultivation SE ut gf & Infestation Infestation Infestation 
a) rt de 
By Apieiieso 
; . |number| per cent|number| per cent| number| per cent 
1 |Disked only |-12 & 13 1891 213 | 11.26 41 .)*2. 15520254. | 13.43 
2 |Plowed only [8-12 & 13| 1677 TOON TEI33 36) [22552 ha 226 13.48 


3 |Plowed and disked|8-12 & 13] 2011 | 180 8.95 43. |*2.155210 (223 ae Y 


*Determined by splitting fruit, one basket from each of six selected trees, _and by 
apy ane the percentage of non-visible infestation (2.1552) thus figured to the entire crop 
of these trees. 


tData taken from two trees in each plot. 
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At Bridgeton, as in 1924, the test plots of five acres each extended crosswise 
through the four varieties, Slappey, Elberta, Fox Seedling and Krummel’s 
October. They were arranged in series as follows: Plot 1, nicotine included 
wherever scheduled; Plot 2, nicotine omitted wherever scheduled ; Plots 3, 4, 
5,6, °7. and 48, nicotine omissions in the shuck- split, 2, 4, 7, 9 and 11 weeks’ 
applications respectively. 


TABLE 7 


Effectiveness of Different Cultwation and Spraying Practices for the 
Control of the Oriental Peach Moth, Elberta Variety, Arthur J. 
Collins & Sons’ Orchard, Moorestown, N. J., 1925 


= S ao 2) 
Ee eee § a8 E 
See sa (SRS), jee 28 3 
3 ae gea|se3| 32 Bg ge 
By Ed § ads |Fss sas ae BS 
| number| per cent|number| per cent| number| per cent 
CULTIVATION 
Disked only 
1 |SPRAYING 8-24 573 54 9.42 10 W135 74 64 11.17 
Six sprays without 
40 per cent deat | 
tine, 1 to 800 
CULTIVATION _ | 
Plowed and disked 
2 |SPRAYING 8-24 934 38 4.07 16 *1 74 54 5.28 
Six sprays with 40 


per cent Nicotine, 
1 to 800 


| 


*Determined by splitting fruit, one basket from each of six selected trees, and by 
applying the percentage of non- -visible injury (1.74) thus figured to the entire crop of 
these trees. 

{Data taken from three trees in each plot. 


The first two plots are comparable with the Moorestown experiment. The 
remaining six plots were provided, to determine by elimination, if possible, the 
effectiveness of nicotine in each of the several applications. The entire block 
of approximately 40 acres was in clover and received the same cultivation, 
namely, a thorough plowing and disking in the spring. Slappey received five 
summer sprays commencing with the shuck-split application and the other 
varieties six. All varieties irrespective of previous treatments received an 80-20 © 
sulfur-lime dust ten days prior to picking. 

In recording data, the percentages of fruit injury in 1925 were determined 
as in 1924 by splitting the entire crop from representative trees in each variety 
in each of the test plots. 

The data obtained concerning the possible elimination of any one of the six 
recommended nicotine treatments are confined to Elberta alone and are un- 
fortunately, of too limited character to provide the basis for any definite state- 
ment at this time. 

The results in regard to the omission versus the addition of 40 per cent 
nicotine 1 to 800 are given in table 8. In the case of the Slappey variety, the 
percentages of wormy fruit for the two plots in which nicotine was included 
(plot 1) or omitted (plot 2) wherever scheduled differ by less than 0.5 per cent 
from the figures of last year. For this variety the increase of clean fruit due 
to the addition of the nicotine amounted to 12.58 per cent. 

The results for the two seasons vary, however, for the Elberta and Krummel 
varieties. The difference may be due to one or both of two factors—first, 
parasitism which our larval collection records for this locality show by mid- 
August assumed proportions sufficient to counteract the effect of the treatments 
applied; and second, the displacement forward of the later portion of the 
seasonal life history occasioned by the earlier (compared with 1924) autumn 
(p. 184). Whatever the casual agent, the increase in clean fruit suffered a 
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reduction from 12.58 to 7.70 and 5.69 per cent respectively, for these later- 
ripening varieties. This reduction occurred also at Moorestown where brood 
and parasitic conditions were apparently similar. 


The average increase in clean fruit for the three varieties under consideration 
due to the combination fungicidal-arsenical-nicotine treatment amounted to 8. 65 
per cent in 1925 as compared with an average of 13 per cent in 1924. This 
variance approximates almost exactly the high (14 per cent) and the low 
(8 per cent) limits of the increase range determined over a period of six years’ 
experimental work in Virginia. These results appear to justify the continuance 
of the recommendation made in 1924 for the addition of 40 per cent nicotine 
at the 1 to 800 dilution in the summer sprays commencing with the shuck-fall 
application, when the conditions of infestation and prospective yield would seem 
to justify the expense. 


TABLE 8 


Effectiveness of 40 Per Cent Nicotine for the Control of the Oriental 
Peach Moth, Del- RE ee a Bay: Harms, Brageton Ne ssh l2oet ogy Farms, Bridgeton, N. J., 1925 


| Without 40 per 
| nicotine, 1 to 800 


*Determined by splitting all fruit from six selected trees, Slappey and Elberta varieties, 
and eight selected trees, Krummell variety. 


a SR ie oil Seselan fu. hh a |" *Lafesations |) ee 
CLE 3 20 
wy i 3 ¢ 
= S > ‘3.28 ce a > 8 3 
; pe a g89) a3 s 5 3 
2 £2 a a 63 Pon olen pee 
ay Oe > An BS > A< a 
ey a esas unborn ch: | Pench ber et | | per ct. | perct.| per ct 
1 | Five Sprays Slappey | 8-7&8 | 3143 8.59 | (1223 
Six Sprays | § Elberta |8-19&20|] 1930 | 11.97 Le 788 
( Krummel |9-16& 17} 3140 | 27.58 Yon 
With 40 per | 
nicotine, 1 to 800 1 16.05' | 8°65 
2 | Five Sprays Slappey | 8-7&8| 2602 | 21.17 | 
Six Sprays § Elberta |8-19&20} 1793 19.67 | 
| ( Krummel |9-16 &17| 4280 | 33.27 
| 
| 


A Field Study of Oils for Killing European Red Mite Eggs 


During the winter of 1925-26 a survey of the orcharding of this 
state showed a general and reasonably heavy infestation of Euro- 
pean red mite eggs. In view of this finding and of the seemingly 
well established fact that oil sprays were the only means of effecting 
a satisfactory control, it was decided to run a series of field tests with 
the principal miscible oils and oil emulsions for the purpose of de- 
termining whether the oil emulsions costing, at recommended dilu- 
tions, less than one-third the price of miscible oils, at recommended 
dilutions, would destroy the mite eggs equally well. These mate- 
rials were tried against the European red mite on both peach and 
apple. Blocks were selected and treatments were made at the de- 
layed dormant period on apple and, just before the leaf buds opened 
to allow projection of the leaves, on peach. The results of this test 
are set forth in table 1. 
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TABLE 1 
Effectiveness of Oil Against the Eggs of European Red Mite 


Block Treatment 


Total 
No. | | Eggs Unhatched 


Eggs 
Apples at Paul Burk’s Farm—Bridgeboro, 1926 
| | | number | per cent. 
83.5 


1 Target’ Brand ;Scale'Oil Cl 46°20)" cae 3172"! |" 2656 
2. | Keystone emulsion Cl tO. do) nouns 2. cee 3562 | 2527" 4 eo 
3 Key ‘Brand *Eamulsion (ito pay eee ee 2127 1472 26982 
4°" Meching’s- Emulsion = (1 tg000 ) ern eee 1783 | “134 Fees 
5 Mechiling’s: Scale Oil>G1 0: 20)... ee 1651} 1256") G70 
6 Sunoco Spray “Oil (1l7to 20) a. s.5 eee ee 1507 | 11653 
Peaches at Hulsart Farm—Manasquan, 1926 
1 “{ Keystone Emutsion (1 to033)> 4 eee a7 t7 136530 2a7 ees 
2. | Key Brand: Emulsion C)to 63 yrs oot eee: “2175 15607)" J hes 
3} Target ‘Brand ‘Scale: Oil-Gvtes20e cee 1875 1335. aee 
4 | Mechling’s Scale Oil (1 to 20) ...... yee 1916 |: 10545n oa 
5) | Mechhine’s "Emulsionetl 16°33) .4 es ees | 2027. |. las saat 
_ 16. Soc spray Oily (Eto 20)! ee ohio on es 1665 | 1120 sies67e4 
Average of Mascible Oils on Applet me ch... ce: 6330 | S071 se spear 
Average of Oil Emnlsion on” Apple 3... .....- 7472 5346° "I" 714 
Average of Miscible Oils, on Peach. c.3..5... cae: 5456 3409, oo G23 
Average of. Oil; Emulsions “on. Peachy) yo. 1 aus 5919 A305 = tifa en, 


In general, the variations are sufficiently limited to indicate that 
the oil emulsions and miscible oils have approximately the same 
value, although the oil emulsions run an actual oil content of about 
2 per cent, while the miscible oils run an actual oil content of about 
4 per cent. Thus it appears that the oil emulsions, percentage of oil 
for percentage of oil, are about twice as toxic as are the miscible 
oils. The underlying reason for this difference is explained in 
another section of this report (p. 207). Burning of buds following 
the delayed dormant spray was absent in the case of both peach and 
apple. The resultant control, not only in these orchards, but prac- 
tically all over the state, has been excellent, because, the entomologist 
believes, of weather conditions unfavorable to the propagation of 
the mite. Had the season been warm and dry the control would 
probably not have been nearly so satisfactory. He feels that with 
the method of applying spray materials generally utilized in this 
state an increase in the oil content of the diluted oil sprays is advis- 


able. 


Some Tests of Para-dichlorobenzene Dissolved in Soluble Pine Tar 
Creosote in the Control of Boring Insects in Living Plants 


C..G. HaAminron 


Introduction 


For a considerable time there has been need of a material which can be 
safely used in treating ornamental shade trees and shrubbery plants-for insects 
boring in the bark, cambium layer and woody part of the plant. Such a 
material must have the power of penetrating the burrows of the boring insect, 
it must be toxic to the insect and, in addition, it must be non-injurious to the 
growing plants. Tar oils of various kinds, principally carbolineum, have been 
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used and recommended for some years in Europe for treating growing plants 
to repel boring insect attacks and in some cases, to kill them after they have 
entered the plants. The use of this material in the United States has not 
received much attention, probably because of the difficulty of application and 
the fact that the control produced has not been entirely satisfactory. 

Among the first work done in the United States, in the use of tar oils as 
remedies for boring insects in living plants, is that of Matheson1, in which 
he tested a number of materials against the larvae of the mottlted poplar and 
willow borer (Cryptorhynchus lapathi Linnaeus) infesting poplar trees in 
nursery plantings. In these tests he found that carbolineum painted upon 
the trees undiluted and in an emulsion form gave a good kill of the larvae, 
provided it was applied before the insects matured and bored into the heart- 
wood for pupation. 

During the summer of 1921 the writer, while located at the University of 
Maryland, prepared and tested a solution of para-dichlorobenzene dissolved in 
soluble pine tar creosote, against a specie of engraver beetles infesting grow- 
ing pine trees. The material was prepared by dissolving para-dichlorobenzene 
at the rate of 1 pound in 1 quart of soluble pine-tar creosote. This was 
diluted with equal parts of water and sprayed upon the trunks of the infested 
trees. All stages of the insects were present. Some of the newer entrance 
holes, made by the beetles burrowing into the bark to lay their eggs, were 
closed or partially closed with rosin exuding from the bark. An examination 
made a week or ten days after applying the spray material showed an excel- 
lent penetration of the pine tar and para-dichlorobenzene and a kill of all stages 
of the insect. Considering the difficulty with which the pine-tar mixture pene- 
trated the burrows, because of the rosin, excellent results were obtained. 

Howard, in 1922, reports the use of para-dichlorobenzene dissolved in kero- 
sene against boring insects infesting cut logs. This material, however, was 
used on cut timber and not on live trees. 

The writer has been interested in the use of para-dichlorobenzene dis- 
solvd in pine-tar creosote ever since he used it against pine bark beetles in 
Maryland. The pressure of other work, however, has prevented his con- 
tinuing this investigation. During the summer of 1925 an opportunity was 
presented for testing it against larvae of Eusophera semifuneralis Walker 
boring in the bark of linden trees and in the summer of 1926 against the 
larvae of the mottled poplar and willow borer (Cryptorhynchhus lapathi Linn.) 
infesting pussywillows. The tests have not been extensive in number but the 
results obtained have been so promising that they are presented here to render 
the information available for others who might have an opportunity of testing 
the combination of para-dichlorobenzene and pine-tar creosote. 


Tests Against the Larvae of Eugophera semifuneralis Walk. 


Early in September, 1925, the writer’s attention was called to an infestation 
of larvae of Euzophera semifuneralis Walk., at Hackensack, infesting the 
trunks of linden trees from slightly below the ground level to a height of 15 
feet or more on the larger limbs. They were found feeding on the dead and 
corky outer part of the bark, on the green inner part of the bark, and on 
the cambium layer. No evidence was noticed of their feeding on the woody 
tissues. The feeding of the larvae, in addition to the destruction of the bark 
and cambium layer, caused an extensive growth of cells in the region of the 
cambium layer. This growth pushed out the corky part of the bark, causing 
the bark to crack and show in ridges. Such growth of soft tissues on one 
of the most heavily infested trees was an inch or more thick. Larvae were 
found boring through and feeding upon the cells of the soft growth. This 
erowth was cut out and the wound cleaned where it was most severe. The 
work of the larvae was very easily noticed on the trunks of the trees due to 
the borings pushed out from the burrows in the cracks and crevices of the 
bark. The larvae spun some silk wherever they went and the borings were 
held together to a considerable extent by this spinning of the silk. 


1Matheson, Robert, 1915, Experiments in the Control of the Poplar and Willow Borer 
(Cryptorhyuchus laputhi Linn.). In Jour. Econ. Ent., v. 8: 522-525. 
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The para-dichlorobenzene and pine-tar mixture was made by dissolving 
para-dichlorobenzene at the rate of approximately 1 pound to 1 quart of soluble 
pine-tar oil. The pine-tar oil was heated to about 120°F., at which temperature 
the para-dichlorobenzene chrystals dissolve quite readily. The pine-tar oil 
used was obtained from the Georgia Pine Turpentine Company, of New York 
City, and the sample tested went by the trade name of “Pineole Soluble.” This 
material was an unfractioned distillate and cost 40 cents a gallon in gallon 
lots. The mixture was diluted by adding 1 part to 2 parts of water before 
spraying upon the trunks of infested trees. 

The material was applied September 11 with a compressed air sprayer, 
three to four gallons of the diluted spray material being used for the trunks 
of the five infested trees. 

Larvae in the shallow burrows began to squirm out very soon after the 
spray material was applied. They seemed to be in considerable pain and many 
of them dropped to the ground around the base of the tree. Death was not 
rapid as some were alive an hour or more after spraying. Larvae in the 
deeper burrows were probably not killed so rapidly since it must have taken 
some time for the pine-tar para-dichlorobenzene mixture to penetrate. Where 
the spray material got on the hands and face it produced a sharp, stinging or 
burning sensation. 

The sprayed trees were examined September 23. The pine-tar and para- 
dichlorobenzene odor was still quite prevalent on the trunks. A very thorough 
examination failed to show a single live larva, or place where borings of the 
larvae were being pushed out through cracks or crevices in the bark, thus 
indicating that none of those near the surface were alive. Many dead ones, 
however, were found throughout all parts of the bark. The tar oil had pene- 
trated to all places where the worms had bored in the bark or in the pithy 
growth caused by the presence of the larvae. In some cases it had followed 
the burrows for several inches. A considerable quantity of this pithy material 
was dug out on one of the worst infested trees and all the larvae in it had been 
killed. The trees were examined carefully to determine whether any injury 
had been caused to the live and growing bark. No injury could be noted at 
this time and apparently the mixture had penetrated only where the larvae 
had left borings in the wood and in the dead woody tissues. 

Later reports from the county agent at Hackensack indicated that the 
trees were growing satisfactorily, and did not show any injury from the use of 
the spray mixture; no evidence of the larvae boring in the trunks was noticed. 


Tests Against the Larvae of the Mottled Poplar and Willow Borer 
(Cryptorhynchus lapatht Linn.) in Pussywillow 


The mottled poplar and willow borer belongs to the family Curculionidae. 
This species was imported from Europe about 1882 and has since become a 
considerable pest of poplar and willow trees, especially where the trees are 
grown for the basket industry. The injury is done principally by the larvae 
feeding and burrowing through the infested plants and, to a slight extent, 
by the adults feeding upon the young twigs. It has been reported quite fre- 
quently as injuring pussywillows grown for ornamental purposes. 

A severe infestation on two clumps of pussywillow trees was reported June 
21, 1926, in New Brunswick, N. J. Some of the para-dichlorobenzene and 
pine-tar mixture was prepared as mentioned for use against the borer in the 
linden trees. A limb about 2% inches in diameter and 3 feet long and con- 
taining approximately 75 larvae was treated on June 22. The stock solution 
was diluted with 2 parts of water and painted on the limb with an ordinary 
paint brush, applying it thoroughly so as to allow a good opportunity for it to 
penetrate the burrows. An examination of a few of the burrows made about 
five minutes after painting the limb showed that the pine-tar oil had followed 
the burrows wherever the borings were in the burrow. The burrows were 
from % to % inch in diameter and most of them extended upward usually 
from 34 to 1% inches. Some of the larger larvae were getting ready to 
pupate and had bored into the wood at the top of the burrows. 
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A final examination of the treated limb was made on July 5. Three Tive 
pupae and one live full grown larva were found. All of these were in bur- 
rows extending toward the center of the heartwood. 

Two infested pussywillow trees containing, probably, three or four hun- 
dred larvae were treated June 23. The owner of the trees misunderstood the 
dirctions and applied the material undiluted. An examination seven days after 
applying the material showed four or five places where borings were being 
pushed out. These places were repainted and a later examination failed to 
show any live larvae. No injury of the living wood on the trees could be 
noted from the application of the undiluted material. 

The tests reported above were all conducted in severe infestations where a 
thorough test of the material was obtainable. No injury to the trees was 
noted, even where the material was used undiluted. Further tests will be 
conducted, as opportunity presents itself, to determine dilutions which will 
give effective control. 


Investigations of Dusts, Spreaders, Stickers and Diluents for 
Spraying and Dusting Mixtures 


Chemical Studies of the New Jersey Dry-Mix Spray in Relation to 
Arsenical Injury 


JosepH M. GInspurc 
Introduction 


Although the sulfur-lime dry-mix spray has proved to be a satisfactory 
substitute for self-boiled lime-sulfur and lead arsenate in its insecticidal and 
fungicidal values, it frequently causes arsenical burning on peach and apple 
foliage. Sufficient data have accumulated from previous investigations to 
warrant the conclusion that the injury is brought about by the water-soluble 
arsenic formed on the sprayed leaf surface, but the processes involved in the 
decomposition of the comparatively insoluble lead arsenate of the spray mixture 
into more soluble forms when applied on the leaf surface are not yet well 
understood. The prevailing conception among investigators in this field seems 
to be that arsenical burning is much more pronounced under prolonged humid 
conditions, high temperature, and intense sunlight. 

It has not been proved, however, that these atmospheric factors singly 
or combined are of any significance in actually increasing the quantity of 
soluble arsenic. Furthermore the role that each one of the different ingredi- 
ents of the “dry-mix”; namely, sulfur, lime, and “Kayso” plays, in decomposing 
the lead arsenate has not been definitely established. It was, therefore, deemed 
necessary to study this problem from these two angles in order to throw some 
light on the chemical processes involved. Accordingly, the investigations here 
reported embody three separate experiments. One includes a study of the 
influence of various atmospheric conditions on the formation of water-soluble 
arsenic. In the second experiment the effect of the different ingredients of the 
dry-mix on the decomposition of the lead arsenate was studied, while the third 
experiment consisted of testing other suitable correctives as substitutes for 
hydrated lime. 


The Influence of Moisture, Temperature and Sunlight on the 
Formation of Water-Soluble Arsenic | 


Two extremes in each one of the three metereologic factors involved, cor- 
responding generally to the mimimum and maximum conditions met with in 
the field during the growing season, were selected; namely, dry and moisture- 
saturated atmosphere; bright light and total darkness; and 80° and 100° F. 
In order to proximate field conditions, where the spray material remains on 
the leaf surface as a thin film, the sulfur-lime-arsenic mixture was spread in 
thin layers on glass plates and exposed to the desired atmospheric con- 
ditions for 8 days. At the end of this period the amounts of water-soluble 
arsenic formed on the plates were quantitatively determined. Weighed quanti- 
ties of sulfur-lime-Kayso mixture, and accurately weighed samples of lead 
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arsenate were transferred to the glass plates. The ingredients were thoroughly 
mixed, made into a paste with distilled water and spread evenly over a marked 
area on the plate. The chemicals and the amount of water were exactly in the 
same proportion as ordinarily present in the 4-8-50 dry mix. It was also 
found that 20 cc. of the spray mixture, containing a total of 0.6644 gm. of 
dry material, was sufficient for chemical analysis “and could be conveniently 
spread in a thin layer on an area of 80 square inches. The glass plates used 
were 10 by 12 inches, and an area of 8 by 10 inches was marked off on the 
unsprayed side with wax-pencil. This left a margin of 2 inches to prevent 
any loss of liquid due to possible surface run off. 

The following method was used in determining water-soluble arsenic. The 
material. was carefully washed off from the plate into a porcelain dish with 
the aid of a rubber policeman, transferred to a 1-liter pyrex flask and the 
volume made up to 500 cc. with distilled water. The flasks were allowed to 
stand at room temperature with frequent shaking for 24 hours and filtered 
until a clear filtrate was obtained. The rest of the procedure was identically 
the same as that outlined by the Association of Official Agricultural Chem- 
ists. -(2). 

For that part of the experiment where no light was required the plates 
were placed in electric ovens adjusted with thermostats to control the tempera- 
ture. When a dry atmosphere was desired, shallow dishes filled with fresh 
calcium chloride were placed in the oven and changed every day. In order 
to maintain an atmosphere saturated with moisture a large pan of water was 
placed on the bottom of the oven into which strips of cheesecloth, hanging 
down from a perforated plate near the roof of the oven and extending along 
the sides, were immersed. In this manner the atmosphere was kept saturated 
to the dew point as was indicated by drops and streams of water collecting 
on the sides of the oven. An open lot near the greenhouse, where sunlight 
had full access throughout the day, was selected for the experiment. Four 
plates were exposed to direct sunlight under the prevailing temperature, two 
of which were kept dry, while the other two were kept moist by spraying 
gently with distilled water every 30 minutes or as soon as they became dry. 
For this purpose some of the plates were perforated in the center and fastened 
in a horizontal position to wooden sticks extending 4 feet above the ground. 

In order to test the combined effects of sunlight, moisture and high tem- 
perature, the following apparatus was improvised. A wooden box, without a 
top cover, about 1 foot deep and large enough to hold two glass plates was 
elevated to about 4 feet from the ground. A thermostat was then installed 
and connected up with electric wires from the greenhouse. The glass plates 
were lowered into the box and tightly fitted in at %-inch from the top of the 
box on wooden planks, extending from the inside. In this manner the box 
was made practically air-tight so that it was possible to maintain constant 
temperature. By means of the thermostat and electric lamps, the temperature: 
within the box was kept at 110°F. There being no outlet for the heat, it 
was absorbed by the glass plate and, of course, transmitted to the spray 
material closely adhering to its surface. In this manner the plates were sub- 
mitted simultaneously to high temperature and direct sunlight. One of the 
plates was kept dry, while the other one was kept moist by atomizing it with 
distilled water. While spraying, the dry plate was covered to prevent any 
mist from settling on it. Since the apparatus could hold only two plates at 
the time, the experiment was run twice in order to obtain duplicate results. 

Averages of duplicate analyses from each plate are presented in the tables, 
the percentage of water-soluble arsenic being based on the quantity of 
PbHAsOq4 (0.0712 gm.) present in the sample of dry-mix and calculated as 
AsgOs3. 

The results do not reveal any appreciable differences in the amounts of 
water-soluble arsenic found on the glass plates which could be directly attributed 
to any one of the three atmospheric factors studied or to any one of their 
combinations. On the other hand, it appears that by merely spreadiag the 
spray material in a thin layer on a large surface and exposing it to the atmos- 
phere, considerably higher amounts of water-soluble arsenic are formed than 
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in the checks. Furthermore, no differences were found in the amount of 
soluble AsoOs obtained from plates kept for only 24 hours at room tempera- 
ture and those exposed for 8 days to various combinations of temperature, 
humidity and light. This is of significance because it indicates that a com- 
paratively short time is required for the chemical reactions, which liberate 
soluble arsenic in this mixture, to reach equilibrium. 


While the results from these investigations, as seen from table 1 have 
definitely shown that high humidity, sunlight and high temperature play no 
role in the formation of water-soluble arsenic from PbHAsQOg, in the sulfur- 
lime mixture, the question still remains why foliage burning is more severe 
under these atmospheric factors. Accepting the theory that soluble arsenic 
is the agent responsible for the burning, these results point directly to physiol- 
ogical factors rather than to chemical agents responsible for excessive burning. 
That the permeability and absorbing powers of living protoplasmic tissue are 
affected by environmental conditions, and particularly by the very meterologic 
factors studied in these experiments, has been well established. High tempera- 
ture increases the rate of diffusion of dissolved substances through the proto- 
plasmic membrane and naturally would result in high absorption of soluble 
arsenic through the stomata and lenticels, or cuticle. Furthermore, a long 
period of high temperature will reduce the turgidity of the plant tissue, because 
of excessive transpiration, and weaken its resistance to penetration of poison- 
ous substances. It is generally observed that under prolonged humid condi- 
tions, the internodes are long, and the leaf blades extensive and covered with 
a thin cuticle. All these characteristics would result in low resistance of 
the plant to the penetration of toxic substances. 

It appears, therefore, from these investigations that the role which atmos- 
pheric conditions play in arsenical injury to foliage is primarily a probiem of 
plant physiology and specifically of changes in plant permeability, rather than 
of pure chemistry. Further experiments, however, on the permeability of 
plants to soluble arsenic under different climatic conditions are necessary in 
order to establish definitely the truth of this assumption. 


ABLE. | 


Water-Soluble Arsenic Found on Plates Covered With Spray Mix- 
tures Exposed for 8 Days to Darkness and Sunlight Under 
Varying Conditions of Moisture, Light and Temperature 


i ENNIS sig Sly 
Plate No. | Treatment | Series 1 | Series 2 |Average 
Meeps pe al Sal perdent | per cent | per sent 
Peer oO“ morsture, dark’) 020.0... 4 6.30" 41 Oem i conto 
Pest rye GArk. <1 2 scab cicwwa oe ede fen 0. O20 (eon O0en ia, 5.06 
Seo bls h 4, moisture. dafk a. . ..0s.4.a0net 126. 02:54 6636 GIO. d9 
Mere Di dredark!) ek. Re, ee, uso el2 ih hieeeaoatln IG e4 
9,10 | Sun, dry, ordinary temperature ...... pG208, 6 62 6,60 
11,12 | Sun, moist, ordinary temperature .... | 6.40 | 6.78 | 6.54 
iene eeu: dry POOP. we Pik ak eed. eS: | 6.49 | 6.73 | 6.61 
Pees. moist.eL10 Paik. (ok 2184. 2 8, [6 24 GAOT 16848 
17,18 | Room temperature for 24 hours...... ea 72ers bead 
19,20 | 0.6644 gm. of spray mixture shaken | | 
(Check) | for 24 hours, in 500 cc. of distilled | | 
|S Sy AN ag GIGI Ae uaa SE Sra 3.58 3600] O09 
21,22 | 0.0712 PbHAsOg4 shaken for 24 hours | | | 
(Check) | in 500 cc. of distilled water........ 0.82 O90 | C86 
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The Influence of Hydrated Lime, Kayso and Sulfur on the Forma- 
tion of Water- ‘Soluble Arsenic 


Samples of lead arsenate were mixed with weighed quantities of hydrated 
lime, sulfur and Kayso separately; hydrated lime and sulfur; hydrated lime 
and Kayso; sulfur and Kayso; and finally with all the three ingredients corres- 
ponding to the complete spray. These combinations resulted in eight differ- 
ent mixtures, including lead arsenate alone used as a check. The salts were 
weighed separately into glass bottles, thoroughly mixed and 100 cc. of distilled 
water, previously freed from COe, was added. The mixtures were kept at 
room temperature for six days, with frequent shaking, and then diluted to 
500 cc. with distilled water and allowed to stand over night. At the end of 
this period water-soluble arsenic was determined by the official methods (2) and 
reported as AsgOs5, the percentages being based only on the amount of PobHAsO4 
present in the mixtures. The quantities of the different ingredients were equal 
to those present in 100 cc. of spray when 1% pounds of lead arsenate were 
used, namely, 1.84 gm. sulfur, 0.92 gm. hydrated lime, 0.356 gm. lead arsenate 
and 0.115 gm. Kayso. All the chemicals with the exception of Ca(OH)s, 
which was chemically pure, were commercial brands used on the college orchard. 
A period of 6 days was selected because preliminary experiments have shown 
that this time is sufficient for the reactions which take place in the arsenic- 
sulfur-lime mixture to reach equilibrium at room temperature. 


TABLE 2 


Water-Soluble Arsenic Obtamed from Acid Lead Arsenate When 
Mixed With Hydrated Lime, Kayso and Sulfur, and 
Kept for Six Days at Room Temperature 


Mixture | Cc iti | AsoaO5 
No. | raters | Series 1 | Series 2} Average 
1 | | per cent | per cent | per cent 
(Check). Pb AsOg? 588s SS se eee 2.45 2.80 2.63 
2 PPperAsO ge "CalQiiys (acer caren 0.74 1.07 0.91 
3 i PhHAsOg, Salitips Uc Ree eo 2.67 2.88 CMer 
4 Ph AsOusiRavsoc tee eee 6.43.) 715 
5 PbHAsOx, Ca(OH)s, pe un hg eh ghey mid aadue 0.57 0.76 | 0.67 
6 PbHAsO«z, Ca(OH), Kayso”™:....... 0.91 0.83 0.87 
7 PHBAsO, Salture Kays 6.67 8.25 7.46 
8 PbHAsOq4, Ca(OH)oe, Sulfur, Kayso 
(Complete sulfur-lime dry-mix spray) | 0.57 0.78.4, CBee 


A comparison of the data from the chemical analyses shows that hydrated 
lime reduced the per cent of water-soluble arsenic from 2.63 found in the 
check to 0.91 when added alone to the lead-arsenate and to 0.67 when added 
mixed with sulfur. On the other hand, the presence of “Kayso” released more 
than twice the amount of soluble AsgOs5 (6.79 per cent) found in the check. 
Similar increases in soluble arsenic were also observed in mixture 7, where 
both Kayso and sulfur were added. Sulfur in itself, however, has not 
appreciably affected the decomposition of PbHAsQO, as may be seen from 
mixture 3. The fact that Kayso liberated such large quantities of soluble | 
As2Os5 was rather surprising at first but upon further testing it was found to 
contain considerable quantities of calcium carbonate. It was, therefore, 
suspected that the CaCOg was responsible for the above reaction. This assump- 
tion was beautifully confirmed by the following experiment the results of 
which are presented in table 3. 

Several 100-cc. mixtures were prepared and submitted to the same treat- 
ment as described above, with the exception that Kayso was replaced by equal 
amounts of calcium carbonate, or skim-milk, or casein. The per cent of water 
soluble arsenic from mixture 9, where Care was used was even greater than 
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that obtained in the presence of Kayso (mixture 4 and 7). On the other hand, 
the addition of skim-milk or casein to either lead arsenate alone or to lead 
arsenate mixed with sulfur decreased considerably the amount of As2Os as 
compared with that found in the check. That skim-milk prevents the forma- 
tion of soluble arsenic from acid lead arsenate has been observed also by 
Thatcher and Streeter (4) in their studies of the lime-sulfur spray. These re- 
sults suggest that Kayso may furnish a source of CaCOg and that skim- 
milk, or some other casein preparation not containing lime, could be used 
more advantageously as a spreader. Considering the chemical composition 
of the spray, the following reaction suggests itself: 
PbHAsOqg + CaCO3 = PbCOs + CaHAsO4 


This reaction explains why so much more water-soluble arsenic was obtained 
when calcium carbonate was used. In the presence of this salt the soluble 
monocalcium arsenate and the very insoluble lead carbonate are formed. Of 
course, this reaction is only suggestive and further studies are required 
definitely to establish it. 


TABLE 3 


Water-Soluble Arsenic Obtained from Acid Lead Arsenate Mixed 
With Calcium Carbonate, Skim-Milk, and Casein, 
Kept for 6 Days at Room Temperature 


Mixture | C “ti | AsoOs 
No. | PR te | Series‘1 | Series 2 | Average 
FAk, | | per cent | per cent | per cent 

PEC Ge DIANS amet ree eek Re cca ice vse 2eiz 2.29 2.20 
10 PDEs OgreacGs, oulidT veconeoo.s rays sts fe 8:25 
11 PHHASO A Okine Milk ees ores ones 1220 1.05 1713 
12 PUELASO per Aaseiinee wee ce verte tae 1.20 jg 1.16 
i) PbHAsOq, Sulfur, Skim-Milk ...... 1.20 1 le 1.26 
14 Por AsO ey sulture: Caseiuve its. 2a res 27 Li2e 137, 


Arsenical Burning and Correctives 


Lime has been universally used as a “corrective” for arsenical injury in both 
dust and liquid mixtures. Hydrated lime is at present being used in the New 
Jersey dry-mix as a corrective. Frequently, however, appreciable burning 
occurs on peach and apple foliage, especially on the former, even in the 
presence of Ca(OH)s2. From the results mentioned above and from the work 
of Campbell (1) and Mogendorf (3) at this station, it appears that the CaCOg 
formed from the hydrated lime is responsible for the liberation of water- 
soluble arsenic. Since carbonation of the Ca(OH)2 cannot be avoided under 
atmospheric conditions an attempt was here made to find a substitute for 
hydrated lime which should take up the soluble arsenic present in the spray 
mixture without reacting with the lead arsenate. 


Guided by this principle a number of salts of the weaker bases, as well as 
some organic colloids, were selected for testing. Since spreading the spray 
mixture on large surfaces has proved to be a more severe test for the forma- 
tion of water-soluble arsenic, this method was adopted for the succeeding 
experiments. For this purpose samples of 20-cc. spray mixtures were pre- 
pared by the method described above with the exception that the Ca(OH)e 
of the dry-mix was replaced by either 4 or 8 pounds of the chemical to be 
tested, and powdered skim-milk was substituted for Kayso in equal quantities. 
The mixtures were spread on large petri dishes and kept at 100° F. The plates 
were atomized every morning with distilled water until the material was quite 
wet in order to obtain the effect of alternate wetting and drying brought about 
in the field by the morning dew. At the end of this period water-soluble 
arsenic was determined. Out of some eighteen chemicals tested the oxides of 
zinc, iron and aluminum and charcoal formed less soluble AsoOs5 than equal 
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quantities of hydrated lime. Zinc oxide proved to be best of all. When only 
two pounds of this compound were used the amount of soluble AsgOs5 was less 
than half of that obtained with 4 pounds of Ca(OH)go, while with 8 pounds 
of zinc oxide no soluble AsgOs5 could be detected. These results were very 
encouraging and further tests were carried out. In all these experiments the 
Zinc Oxide stood the test well and never failed to eliminate the soluble arsenic 
from solution. ) 

Of course, the next logical step was to test out the behavior of the Zinc 
Oxide on plants. The season of the year not permitting outdoor work, lima 
beans were grown in the greenhouse and sprayed with the following three 
mixtures. One group of plants was sprayed with lead arsenate alone; another 
one was sprayed with a mixture of lead arsenate, sulfur and skim-milk; while 
the third one received the complete dry-mix spray containing 4 pounds of 
zinc oxide instead of hydrated lime. 

In each case where no zinc oxide was used decided arsenical burning de- 
veloped six days after the spray was applied, whereas no injury whatsoever 
was observed on plants from group 3. Two weeks after the first application 
the spraying was repeated with the result that plants from groups 1 and 2 
were badly injured. The burning was especially severe where lead arsenate 
alone was used, as may be seen from plate 1. On the other hand, the 
plants sprayed with zinc oxide appeared healthy and normal in every respect, 
exhibiting no injury whatsoever. The injury appeared in the form of large, 
brown blotches on the leaf surface and along the edges which later de- 
veloped into dead tissue. Thus, the results from both laboratory and green- 
house experiments with zinc oxide were encouraging and tempted us to proceed 
with these investigations in the orchard on a somewhat larger scale. From 
the physical standpoint zinc oxide is in no way inferior to lime and even 
possesses greater adhesive properties when sprayed on foliage. 

The field experiments were carried out on the College orchard and on the 
Del-Bay Farms, Bridgeton, in cooperation with the department of pomology. 
Apple and peach trees were sprayed with the New Jersey dry-mix in which 
the hydrated lime was replaced by 2 pounds and 4 pounds of zinc oxide, respec- 
tively. The results were rather surprising and contrary to expectations. 
Injury was observed on peach and apple foliage 7 days after the zinc oxide 
spray was applied. This was later accompanied by severe burning and heavy 
defoliation. The nature of the injury was somewhat different from that 
caused by lead arsenate and suggested a distinct zinc oxide burning. This 
assumption was later confirmed by a separate experiment in which peach and 
apple trees were sprayed with zinc oxide alone in concentrations of 1, 2, 3, 
and 4 pounds to 50 gallons of water. Foliage injury was pronounced with 1 
pound of zinc oxide and increased in severity when higher concentrations 
were used. Where 3 and 4 pounds of zinc oxide were applied the defoliation 
on both peach and apple trees was particularly noticeable, amounting to 20 
per cent of the total number of leaves on some of the trees. 

Further observations disclosed the fact that the symptoms of zinc oxide 
burning are quite distinct and may be recognized by the following character- 
istics. On apple trees, yellow spots appeared, 7 to 10 days after the spray was 
applied, on both sides of the leaf near the midrib and gradually spread 
throughout the leaf tissue and petiole. Often the entire leaf became yellow 
and dropped off. The burned leaf tissue remained intact and no breaking away 
of the injured parts, nor brown, dead spots, were noticeable. On peach 
foliage the injury was somewhat similar to that caused by lead arsenate with 
the exception that it occurred sooner and was more severe. The leaf became 
gradually covered with brown spots specially near the edge which later de- 
veloped into strips of dead tissue. 

In view of this unfavorable development zinc oxide had to be discarded from 
practical use and recourse was made to the other chemicals that gave promising 
results in the laboratory. Experiments are at present conducted on peach and 
apple trees with ferric oxide, aluminum oxide, and charcoal. While no injury 
to plants has been so far observed from any one of these compounds when 
used as substitutes for hydrated lime in the dry-mix spray, the work has not 
advanced far enough to permit any definite conclusions. 
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TABLE 4 


Jersey Dry-Mix Spray Containing Various 
Substitutes for Ca(OH), 
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Investigation of Stickers in Dusting Mixtures 
JosEpH M. GINSBURG 


The advantage of dusting over spraying from an economical standpoint 
has already been treated in previous reports and no further discussion here is 
necessary. The main object in this study is to obtain a dust which will not be 
washed off readily and will stick to the foliage sufficiently long to kill chew- 
ing insects without injuring the plant tissue. The most difficult part of the 
problem is to hold the dust on the leaf surface during rainy weather. The 
work begun by Dr. Stinson was continued during the last year. Also new 
methods were developed in preparing the several dust mixtures which are 
at present being tested out in the field. In general, two lines of attack were 
followed. The first consisted of incorporating in the sulfur-arsenical dust 
mixture an insoluble substance which possesses great adhesive qualities. In 
the second method the dust is covered with a fine spray of a very viscous 
and sticky liquid such as oil. A special apparatus was devised and constructed 
for this purpose which is at present employed in preparing the dust. 

Among the chemicals tested for sticking qualities to be incorporated in the 
dust, the soaps of heavy metals such as stearates, palmitates, and resinates of 
copper and zinc proved of particular value. These compounds possess great 
adhesion when tried on glass and. foliage surfaces and can be prepared in the 
form of very fine, fluffy powders. They are also superior to the soaps of 
sodium and potassium in that they are very insoluble and do not react with the 
lead arsenate of the dust mixture, thus eliminating the possibility of forming 
soluble arsenic on foliage. 


Oil Sprays and Emulsifiers 
JosEPH M. GINSBURG 
Miscible Oils and Oil Emulsions 


The problems of oil sprays came up in connection with red-mite control. 
Oil emulsions, applied as delayed dormant sprays, proved more efficient in 
killing the eggs of red mite than any of the other insecticides. It is not 
altogether clear, however, which kind of emulsion is most efficacious for this 
purpose. There are at present several oil emulsions and miscible oils on the 
market which differ both in the grade of oil and in the kind of emulsifying 
agent. Especially the difference in killing efficiency of miscible oils and oil 
emulsions was not well understood. Results from several investigators in this 
field show that, with equal oil concentrations, oil emulsions are far more 
effective than miscible oils in destroying red-mite eggs, yet the latter are 
more expensive. 


Preliminary tests in the laboratory suggested that the emulsifying agent 
may be the chief factor responsible for these differences. Emulsions, there- 
fore, were prepared from Diamond Paraffin Oil (a lubricating oil commonly 
employed in home-mixed emulsions) with different emulsifiers and the physical 
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characteristics of the mixtures studied. The following emulsifying agents 
were used: potassium fish-oil soap, Rosin fish-oil soap, Cresoap, cresylic acid- 
fish-oil mixture, ammonium oleate, potassium oleate, glue, powdered skim- 
milk, egg albumin, gum arabic, powdered acacia, Kayso, casein, Bentorite, 
Wilkonite (colloidal clays), colloidal sulfur, calcium resinate, zinc resinate, 
copper resinate and lead arsenate. Most of these emulsifiers with the exception 
of cresylic acid-fish-oil mixture produce more or less stable stock emulsions 
if properly agitated. Upon dilution, however, distinct differences are observed 
in the mechanical behavior of the different mixtures. Roughly the emulsions 
obtained here can be divided into three groups: (1) emulsions which break up 
and liberate the oil immediately on the surface of the liquid, formed by the 
three resinates, colloidal clays and casein; (2) emulsions which release the 
oil gradually upon standing, obtained from the fish-oil soaps, skim-milk, egg 
albumin, etc.; (3) emulsions which do not liberate the oil and present a 
homogeneous mixture even at high dilutions,—obtained with proper manipula- 
tion from the oleates of ammonium and potassium. 


An examination of a number of commercial oil sprays revealed similar 
characteristics. All of the miscible oils tested with the exception of one 
exhibited characteristics similar to those from group 3. They gave a milky 
mixture upon dilution which remained stable for a long time without forming 
an oily layer on the surface. Most of the oil emulsions tested resembled those 
of group 2, while only one behaved exactly like group 1 and quickly liberated 
its oil on the surface upon dilution. These differences were so pronounced 
that they at once became suggestive of being the possible causes of the differ- 
ences observed in the killing efficiency of miscible oils and oil emulsions. 


Commercial samples as well as laboratory prepared emulsions of each of 
the three groups enumerated above were tested out by Mr. Carl Ilg on apple 
twigs infested with red mite eggs. The stock mixtures were diluted with 
water so as to contain only 2 per cent of oil. The results of these tests have 
shown that in each case (with cne exception) where the oil is gradually lib- 
erated on the surface of the liquid the highest percentage of kill was obtained, 
regardless of whether the spray was a miscible oil or an oil emulsion. On the 
other hand, the miscible oils, which did not liberate the oil at all upon 
dilution, but held it in permanent suspension, did not produce a satisfactory 
kill with the concentration used, whereas the oil emulsion which released its 
oil quickly upon dilution, such as the one prepared by the aid of colloidal clay, 
gave the poorest percentage of kill. 


While these results in a way are preliminary, they suggest that the 
superiority of oil emulsions over miscible oils may be ascribed to the fact that 
the former release their oil gradually, depositing an oily layer on the sprayed 
surface, whereas the latter form more homogeneous mixtures and possibly 
prevent intimate contact between the oil and the sprayed surface. It is planned 
to continue the studies in this problem somewhat more extensively during the 
coming year in order definitely to establish the above observed phenomena. 


Effect of Mineral Oil on Foliage 


The application of oils as summer sprays against codling moth, Oriental 
peach moth, leaf roller and possibly other pests has recently attracted the 
attention of entomologists. The ordinary lubricating oils, however, cause 
severe damage to foliage and their application could not be considered at all. 
Some previous experiments at this station and the more extensive investigations 
in California indicate that the highly refined lubricating oils can be applied 
with comparative safety on fruit trees. 


In order to study this problem under summer conditions prevailing in New 
Jersey two oils were tried out in the field, a light lubricating oil (Diamond 
paraffin) and a highly refined oil (Marcol). Peach trees were sprayed with 
skim-milk emulsions prepared from the two oils in concentrations ranging 
from 0.25 to 2 per cent oil. From the observations presented in table 1 it 
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appears that the ordinary lubricating oil injured peach foliage in any one of 
the concentrations employed in this experiment and caused defoliation ranging 
from 10 per cent with the lowest concentration (0.25 per cent) to 90 per 
cent with the highest concentration (2 per cent) of oil. The injury from 
Marcol oil was only slight when compared with that of the lubricating oil, 
being not significant with concentrations below 5 per cent. | With increasing 
concentrations however, the burning became more pronounced. ‘These in- 
vestigations are being continued further and other refined oils are being 
tested out, also the cumulative effect of oil sprays on fruit trees is being studied. 


fees owes | 


Injury to Peach Foliage Sprayed With Ordinary Lubricating Oil and 
Refined Oil in Varying Concentrations 
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| | fruit drop 
1.50 6-9" | | 6-131. leaf drop Ol 11.50 2] 3629 6-11 | 70 per cent 
| | consider- | leaf drop; 
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The refined oils are primarily distillates from which the unsaturated hydro- 
carbons of the olefine series as well as those of the aromatic series have 
been removed by a process of sulfonation. They consist mainly of the sat- 
urated hydrocarbons of the paraffin series. While the causative agent of oil 
injury has not been established, the fact that the highly refined oils are very 
much less toxic to foliage than are the unrefined oils suggests that either the 
unsaturated or the aromatic hydrocarbon may be responsible for foliage burning. 


A Study of the Fundamental Principles Influencing the Spreading, Ad- 
herence, and Distribution of Arsenical Sprays | 


C. C. HAMILTON 


This project has been under investigation for almost a year. The work 
thus far has consisted entirely of laboratory work under controlled conditions. 
whereby any one of several factors can be varied and its results noted. A\l- 
though the work has progressed satisfactorily and a considerable amount of 


EXPERIMENT STATION REPORT 209 


time has been devoted to this subject, definite conclusions cannot be stated 
at this time. : 


The Distribution, Quantity and Adherence of Lead Arsenate Deposited 
in Field Spraying and Their Relation to Twig and Leaf Growth 


GeG Hamivron 


Considerable work has been done by different investigators relative to the 
quantity of lead arsenate deposited upon sprayed fruit and foliage. These 
results have been quite varied and not at all consistent. The purpose of the 
work outlined in this paper was to get data upon some of the factors having a 
bearing upon studies being conducted upon the quantity, distribution, and ad- 
herence of lead arsenate sprays. The several points which it was thought 
desirable to investigate were: (1) the relation of the development of the 
twig and leaf growth to the dates of spraying; (2) the quantity of lead arsenate 
on the lower and upper parts of sprayed trees at the dates of spraying; (3) the 
quantity of lead arsenate on the foliage immediately before and following 
each spray application; and (4) the quantity of lead arsenate, at the end of 
the spraying season, on the foliage developing between the different dates 
of spraying. 


The work was done in a commercial orchard at Moorestown, N. J. A 
block of trees was used for demonstration spraying by the extension specialist 
in fruit growing and by the associate county agent of Burlington County. 
The remainder of the trees were sprayed by men in the employment of the 
owner of the orchard. Samples of sprayed foliage were collected from two 
varieties of trees, Rome Beauty and Stayman, in the demonstration sprayed 
block and in the orchard sprayed block. Collections were made immediately 
preceding and following each spray application on the following dates: May 7, 
May 19, June 4, and June 23. Leaves were taken from entire twigs in collecting 
the samples. Some of the leaves were pressed and dried between herbarium 
paper and other samples were placed in paper bags. 


About one hundred twigs were tagged, to obtain the data on the twig and 
leaf growth, and the total twig length and number of leaves were noted at 
each date of spraying. At the end of the spraying season, just previous to the 
Japanese beetle spray, these tagged twigs were collected and the leaves develop- 
ing between the spray application were separated into groups and analyses 
were made to determine the quantity of lead arsenate per unit of leaf area. 
A total of 300 to 1,000 square inches of leaf surface was used in most of the 
analyses. Each point in the charts represents an average of 6 to 8 such 
analyses. The individual analyses varied considerably, but by taking an average 
of a number of analyses the results presented should be fairly representative. 


The Development of Twig and Leaf Growth at the Different 
Dates of Spraying 


In this part of the work twigs were tagged and the total length and number 
of leaves developed at each spray application noted, as previously explained. 
The tagged twigs were located on both the lower and the upper parts of the 
trees; and fruit spurs, leaf spurs and twigs with terminal growth were tagged. 
The fruit and leaf spurs were not included in the results recording the twig 
growth, since the growth made was exceedingly small and was practically 
completed by the time the first measurements were made on May 7. The 
writer arrived in New Jersey shortly after the first of May. For this reason 
it was not possible to start the work at the beginning of twig and leaf growth. 
He has, therefore, taken April 15, which is about one week earlier than the 
average blooming date for apples, as the date when twig and leaf growth may 
be expected to start. 
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Figure 8 shows the per cent of the total twig and leaf growth at the 
different dates of spraying. The first part of the graph A, shows the per 
cent of leaf growth in numbers for the upper and lower parts of the trees. 
The number of leaves appearing early in the season on the lower part of the 
trees is greater than on the upper part. This is probably due to the greater 
number of fruit spurs tagged on the lower part of the trees, which obtain 
most of their leaves quite early. On the other hand, the terminal twigs on 
the upper part of the tree continue to grow later than those on the lower 
part, thus adding new leaves. The second part of the graph B, shows the 
relation between twig growth on the lower and upper parts of the trees. 
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Fic. 8. Tue DEVELOPMENT OF Twic AND LEAF GROWTH AT THE DIFFERENT 
DATES OF SPRAYING 


Since the fruit spurs have been omitted there is not as great a discrepancy as 
occurred in the development of the leaves and the growth is distributed more 
evenly throughout the entire season. The third part of the graph C compares 
the leaf growth in numbers with the twig growth in inches, taking an average 
of both the lower and the upper parts of the trees. This shows that a total 
of 66 per cent of the leaves have developed by May 7, while only 35 per cent 
oi the total twig length has developed on this date. It was noticed, however, 
that while the greatest number of leaves had developed previous to May 7, 
the leaf area increased proportionally more rapidly between May 7 and May 19 
than is indicated, because of the increase in the size of the leaves. 


Quantity of Lead Arsenate Upon Foliage Collected at Different 
Dates of Spraying 


It was thought that the quantity of lead arsenate per unit of leaf area 
on the foliage as a whole would increase as the spraying season advanced, 
because of the successive applications of spray material. This, however, 
did not prove to be the case. Figure 9 shows the quantity of lead arsenate 
in milligrams per 10 square inches of leaf surface. This has been presented 
to show: A the relation between the quantity on the lower and the upper part 
of the sprayed trees, B the difference in quantity on the foliage before and 
after spraying, and C the difference in the quantity between the demonstration 
spraying and the orchard spraying. 


These data show that the quantity of lead arsenate per unit of leaf area 
decreased as the spraying season advanced up to June 4 when it rose rapidly. 
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This can be explained by referring to figure 9, showing the twig and leaf 
growth, in which we find that leaf growth and leaf area increased very rapidly 
up to June 4. It is evident that this rapid increase in leaf area more than 
offsets any accumulation of lead arsenate, due to successive sprayings. After 
the leaf growth slowed up, the quantity of lead arsenate per unit of leaf area 
began to rise. It will also be noticed that considerably more lead arsenate 
was deposited on the lower part of the trees than on the upper part. On the 
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Fic. 9. Tue Quantity or Leap ARSENATE ON APPLE FOLIAGE AT THE 
DIFFERENT DATES OF SPRAYING 


other hand, there was not as much difference in the quantity of lead arsenate 
on foliage collected just before and immediately following sprayings as was 
expected. These data also show that considerably more lead arsenate was 
deposited on the foliage in the demonstration-sprayed block than in the orchard- 
sprayed block, except for the collections made on June 4. 


The Quantity of Lead Arsenate on the Foliage Developing Between 
Spray Application 


The leaves on the twigs which were tagged to obtain data on the twig 
and leaf growth were separated, according. to the dates of development, 
cerresponding with dates of spraying, and analyses made to determine the 
quantity of lead arsenate. The leaves developing previous to May 7, at the 
end of the season, had received four and some five spray applications. Those 
developing between May 7 and 19 received three applications, those between 
May 19 and June 4 two applications, and those developing between June 4 and 
23 one application of spray material. The data showing the results of the 
analyses are presented in figure 10. At the end of the season leaves developing 
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previous to May 7 did not have as much lead arsenate per unit of leaf 
area as those developing between May 7 and 19. After May 19 the quantity 
per unit of leaf area fell rapidly as was expected. Figure 10 also shows the 
average of the quantity of lead arsenate on foliage collected at different dates 
of spraying, plotted with the quantity of lead arsenate on the foliage developing - 
between the different dates of spraying. The graphs, each point of which 
represents an average of 16 analyses, are almost exact opposites to each other 
I am, at this time, unable to explain the smaller quantity of lead arsenate on 
foliage developing previous to May 7. 


The importance of this work may be realized if one is taking samples 
at different times during the spraying season to determine the quantity of lead 
arsenate on the foliage at any given time. One must take into consideration 
their location on the tree, the age of the leaves and the increase in leaf area 
between the different dates of spraying. 
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Small Fruit Insect Investigations 
The Raspberry Crown Borer 


This insect is known by the common name of the raspberry root 
borer, but its habit upon raspberry, wherever its work has been 
observed in New Jersey, is such as to indicate that it is really a 
crown borer. It is of large economic importance in the immense 
raspberry growing territory in the vicinity of Hammonton, N. J. 


During the year just closed a study was made of this insect. 
This study has indicated distinctly that the raspberry crown borer 
is annual brooded; that pupation occurs from the middle of August 
to the middle of September; that emergence of the moths occurs 
between the end of August and the end of September; that eggs 
begin to appear, always on the under-sides of leaves, during the 
first week in September, reach their maximum and cease to appear 
about the end of that month; that eggs begin hatching about the 
middle of September and cease by the middle of October; that the 
newly hatched larvae crawl down the canes to a point just below the 
surface of the ground, where each proceeds to cut a shallow cell in 
the side wall of the cane, erecting over this cell a cover, consisting of 
pieces of bark held together by silk; that within these blister-like 
chambers the larvae pass the winter; that larvae emerge from these 
blisters about the middle of April and bore channels in the bark of 
the lower part of the cane, giving especial attention to the point 
where the new shoots start out from the old canes. 


The studies of insecticides indicate that calcium cyanide has too 
narrow a margin of safety between the dosage which will kill the 
borer and the dosage which will damage the plants to render it a 
satisfactory insecticide. Carbon bisulfide has a slightly wider mar- 
gin of safety, but is disqualified for the same reason. Tobacco dust, 
on the other hand, has a wide margin of safety between the dosage 
which will kill the insect and the dosage which will hurt the plant. 
These studies have shown that the most practical time to kill this 
insect is when it has established its blister-like cell winter quarters, 
and that tobacco dust combined with lime and sodium carbonate can, 
at that time, be used for its destruction. 


In the spring of 1926, after the larvae had emerged from their 
over-wintering cells and begun the tunnelling process, a compara- 
tive test of tobacco dust and nicotine sulfate was instituted. This 
experiment was set May 6 and 7. Three rows of red raspberry 
plants on the farm of Harvey Seely, at Hammonton, were selected. 
Each row was about 305 feet long and the bushes looked vigorous. 
They had been set about three years. These rows were divided into 
eight blocks. 

Block 1 consisted of 5 hills, each surrounded by an iron ring 14 inches in 
diameter. In this ring the tobacco dust dosage was sifted evenly over the 
enclosed area. Three and five-tenths pounds of a tobacco dust mixture were 


used in each of these five rings. It consisted of 50 per cent tobacco dust (0.25 
per cent actual nicotine content), 49 per cent hydrated lime, and 1 per cent 
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sodium carbonate. <A thin coating of soil was thrown over the tobacco dust 
mixture and 1 gallon of water was poured into the ring. The tobacco dust used 
was about 100-mesh. 

Block 2 consisted of 10 hills arranged and treated as in no. 1, except that 
1.75 pounds of tobacco dust mixture was used. This mixture consisted of 50 
per cent tobacco dust (0.15 per cent actual nicotine content), 49 per cent 
hydrated lime and 1 per cent sodium carbonate. The tobacco dust used here 
was about 40-mesh. 

Block 3 consisted of 10 hills arranged as above and treated with 1.75 pounds 
of tobacco dust mixture. This mixture consisted of 50 per cent tobacco dust 
(0.5 per cent actual nicotine content), 49 per cent hydrated lime and 1 per cent 
sodium carbonate. The tobacco dust in this case was about 20-mesh. 

Block 4 consisted of 10 hills surrounded by the same type of ring and treated 
with 1 gallon of mixture composed of 50 gallons of water, 5 pounds of hydrated 
lime and 1 pint of nicotine sulfate (40 per cent actual nicotine). 

Block 5 consisted of 9 hills arranged as in block 4 and treated with 1 gallon 
of a mixture composed of 50 gallons of water, 5 pounds of hydrated lime and 
1% pint of nicotine sulfate (40 per cent actual nicotine content). 

Block 6 was ridged on either side with soil and treated with a mixture con- 
sisting of 50 gallons of water, 5 pounds of hydrated lime and 1 pint of nicotine 
sulfate at the rate of a little less than 1 gallon to the linear foot. As soon as 
the water had soaked in, dry soil was hoed over the treatment. 

Block 7 was ridged and treated as block 6 with a mixture consisting of 100 
gallons of water, 5 pounds of hydrated lime and 1 pint of nicotine sulfate at the 
rate of a little less than 1 gallon to the linear foot. 

Block 8 received the same treatment with a mixture composed of 200 gallons 
of water, 5 pounds of hydrated lime and 1 pint of nicotine sulfate. 

Data were taken on the results on May 14, and are set forth in table 1. 


TABLE 1 
Raspberry Crown Borer Control, 1926 


=I | 
e Number of Larvae 
say wv 
‘S Jk a Ss z 
a te 3 i 2 ~ § 5 2 Pee 
Ss 5 Ber Unive S| .5 ee eee 
ms a a a < A a oM oy 
| pounds | 
1 |100-mesh tobacco dust | | | 
mixtures cca ccs, 0.00875 pre 6 75:0 2) 3 
2 | 40-mesh tobacco dust | 
mhixturei 7 a 0.00875 | Sate | 2 28.5 4+ 
3 | 20-mesh tobacco dust | | 
Mixture aie. eee 0.00875 4 io + 50.05.31 3 
4 /1 part nicotine sulfate | 
to 50 of water. 0.01000 | 3 a4 Fb ON TOLD 5 
5 |1 ‘part nicotine sulfate | | 
to 200 of water. 0.00250 | Soba 1 25.0 3 
6 |1 part nicotine sulfate | | 
| to 50 of water. 0.01000 | Goel 4 40.0 6. 
7 |1 part nicotine sulfate | | 
to 100 of water. 0.00500 | Bagnia 2 20.0552) 5 
8 |1 part nicotine sulfate 
| to 200 of water. ol 0.00250. |. «14. Oe 4 Lb) to 200 of water..oh (0.00250 |, 14 py 0s | 5 O08 oy as 
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The data serve to indicate distinctly that nicotine in the form of 
tobacco dust is far more efficient than nicotine in the form of 
“Black Leaf 40,” and that the ring contributes to an increase in 
efficiency.? 

Cranberry Investigations 

The principal phases of work handled at the Cranberry Substa- 
tion located at Whitesbog, Browns Mills, N. J., are carried on by 
Charles S. Beckwith, cranberry specialist; Byrley F. Driggers, assis- 
tant cranberry specialist; Carl D. Jones, biochemist in cranberry 
investigations, and are set forth in the report of the Cranberry Sub- 
Station. 


REPORT OF THE CRANBERRY SUBSTATION 


CuHarves S. BeckwitH, Byrtey F. DriccErs, 
AND Cart D. JONES 


The work at the cranberry substation continued all of the old 
studies and started a new investigation of the nature of cranberry 
bog peats. Mr. Carl D. Jones is working on this problem and his 
part of the report is included in this paper. 


Plant-Food Studies 


The active plant-food studies in progress now are “The com- 
parison of different sources of nitrogen for Savannah cranberry 
lands” and “A study of the effect of complete fertilizer on Savannah 
cranberry land.” 

The first is limited to a study of the effect of nitrate of soda 
as compared with dried blood, and also as compared with a mixture 
of the two. It has been in progress since 1919. The details for 1925 
are given in table 1. ; 


TABLE 1 
Results of the Nitrogen Experiments on Savannah Soil 
Plot | Treatment per Acre | Yield per Acre | Gain 
| pounds | per cent 
1 Nothing | 1610 | 
2 |140 lbs. Nitrate of Soda | 2560 69 
3 Nothing 1420 | 
70 lbs. Nitrate of Soda and | 
4 | 85 Ibs. Dried Blood | 2100 | 3D 
5 Nothing 1270 | 
6 {170 lbs. Dried Blood 2740 | 86 
7 Nothing 1670 | 
8 |210 Ibs. Nitrate of Soda 1760 | 3 
9 Nothing 1730 | 
105 Ibs. Nitrate of Soda and | 
10 |127%4 lbs. Dried Blood 2720 | 72 
11 Nothing | 1450 | 
12 |255 Ibs. Dried Blood | 3890 | 134 
13 Nothing 1870 | 


1A detailed account of the results of + experiments previous to last spring 
fe ae in the Journal of Economic Entomology, vol. 19, no. 3, June, 1926, pp. 
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It will be noted that the plots rgceiving dried blood had a larger 
crop this year than those receiving nitrate of soda. This is the first 
year since this series has been in operation that this has happened 
and possibly it is not entirely the direct effect of the plant-foods 
applied although, of course, it is natural to assume that it is. If it 
is, the result in 1926 will bring it out more clearly and that will be 
time enough to draw conclusions. The fact that nitrogenous ferti- 
lizers increased cranberry crops on Savannah land has been shown 
before, but these plots this year give further evidence. 

The second plant-food study had for its object the determination 
of the optimum size of application of a previously planned complete 
cranberry fertilizer. The mixture was made up as follows: 


125 pounds Nitrate of soda 
300 pounds Rock phosphate 
50 pounds Sulfate of potash 


The first year the material was used, 300 pounds of acid phos- 
phate was added in order to have phosphate available the year of 
application. The test was started in 1919 and continued to the pres- 
ent. The results for 1925 are given in table 2. 

TABLE 2 


Results of Complete Fertilizer Experiments on Savannah Land 


Plot | Treatment per Acre > -Yaeld per Actemn Gain 


pounds per cent 
1 Nothing 1870 
2 |264 lbs. Mixture 3100 53 
o Nothing 2180 
4 |528 Ibs. Mixture 3530 | 63 
= Nothing 2140 
6 |792 Ibs. Mixture -« 3670 65 
7 Nothing 2310 
8 |1056 Ibs. Mixture 2400 14 
2 foul Nothing 1890 


A study of this table together with the results of previous years 
shows that the plot receiving 528 pounds of the mixture is gaining 
on the other plots in the comparative yields. Up until last year, the 
plot receiving 792 pounds of the mixture was undoubtedly the best, 
and it is now, but the margin between the two is becoming very 
small. As a result of the first tests the station has decided to recom- 
mend not over 500 pounds of this mixture for annual treatments. 


Arsenical Weed-killers 


Arsenical weed-killers are becoming more popular with growers 
every year and the station has been trying out a few of the newer 
practices. The original use of the material was to pour some of it on 
the base of a plant to be killed. This has replaced hand weeding 
on at least one bog because it kills the weed and there is no chance 
for live roots to break off and continue the weed growth. It has 
been a very satisfactory method where it was well understood. 
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In addition, it has been used, to kill all the vegetation within a 
given area. For this purpose, a rather strong solution (Herbicide 
1 to 40) is applied with a sprinkling pot thoroughly enough to wet 
all of the green parts. In order to kill cranberry vines, it is best 
applied just after bloom and again a month later when all parts of 
the area missed the first time should be treated. This method is 
used when it is desired to kill a mixture of weeds and cranberry 
vines or where it is desired to kill a patch of wild cranberries grow- 
ing in a bog of improved varieties. When the land is to be replanted, 
it should be sanded or else the top turf should be removed for best 
results with the new cuttings. 

In much the same way, ditches are cleared of foreign growth by 
weed-killer applications. The ditch should be dry when the treat- 
ment is made, but if it is necessary to have some water in the ditch 
the weed-killer should be made stronger so as to do the killing at 
about the strength of 1 to 40. It cannot be used in a ditch of run- 
ning water with any effect at all. 

When there is a thick growth of bracken or such weed over 
cranberry vines, the weed tops may be killed with a very dilute solu- 
tion of weed-killer (Herbicide, 1 to 200). Although the weed roots 
are not killed by such treatment, the cranberry vines are entirely un- 
injured so they have a good chance to grow for a year. If the treat- 
ment is repeated two or three years, possibly the vines will overcome 
the weed growth. It has been done with wild sweet potato and at 
present we are trying it on bracken. 


Sanding 


Our sanding experiments have just been started; therefore, we 
will have no results of merit for several years. 


False Blossom 


False Blossom has been causing some alarm through the cran- 
berry growing regions of all of the cranberry states. Together with 
Dr. Stevens, of the Bureau of Plant Industry, we made a survey 
of this disease throughout the state. Forty-six bogs distributed all 
the way from Farmingdale to Port Norris were visited and the 
presence or absence of the disease was noted. ‘There was one case 
of serious damage by this disease, two additional cases where it 
was bad enough to cause considerable concern, and every bog of 
Howes or Early Blacks had some evidence of it. We did not find 
it at all on Jersey vines where there were no Howes or Early Blacks 
on the same bog, but it was present on Jerseys when they were 
planted in the same bog with imported varieties. All of the evidence 
that we have points to the conclusion that the disease was carried in 
the cuttings that were used in planting the bogs. We know of no 
way to eliminate the disease, but a grower can do much to prevent 
its spread by planting only disease-free cuttings. Other people are 
working on this interesting problem and possibly they will find a 
cure. 
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Weather in 1925 


The weather conditions during the growing season of 1925 were 
not good for cranberry production. A frost on May 28 did some 
damage, the hot, dry weather during early June was unsatisfactory, 
but the main cause of damage was the cloudy, wet weather during 
the first half of July. We know that the cranberry blossoms are 
pollinated by insects, such as bumblebees and honeybees, and that 
these insects will not work well on cloudy days or at all on rainy 
days. ‘The rainfall record for several places in our district is given 
in table 3. 


TABLE 3 
Rainfall in the Southern Interior of New Jersey, July, 1925 


Station | Day of the Month 
Ute & iol | 1° cool | (ale ae a 
Indian Mills | | T | .10| Toy 12.00) >t) a a ast] 
Imlaystown | .06 | 141, |.96) 1.26), 41) =) OZ E seer ree 
Lakewood 05 1.30) },22).17)1,60) |. 31) oS a 
T—Trace. 


We do not have records of the per cent of possible sunshine at 
these various stations, but we do have it at Trenton. The record is as 
follows: Ist-67, 2nd-31, 3rd-79, 4th-81, 5th-79, 6th-91, 7th-48, 
8th-34, 9th-88, 10th-26, 11th-100, 12th-67, 13th-89, 14th-80, 15th-33 
and 16th-60. 


It is obvious that the cranberry blossoms had very little clear 
weather during their short period of existence and therefore had 
little chance to set fruit. Four rains distributed over the first eight 
days of July were common throughout our district. Lakewood alone 
had no rain in the second eight days. The blossoming period is 
chiefly during the first ten days of July, but when the bloom is not 
pollinated promptly, it stays a few days longer. Lakewood, then, 
had some chance to set a crop, and we find that there was a fair 
crop in this area. We do not know how much this kind of weather 
prevailed at the seashore, but it did extend as far south as Toms 
River. The condition is very unusual, but is one of the hazards of 
the business. 


Rot Control 


The spraying and dusting experiments have been continued and 
somewhat enlarged. The results at Hammonton are given in table 4. 

This demonstration was intended to show distinctly that spray 
would control rot; it does that very nicely. The dust plot was added 
later simply to indicate just what copper-lime dusts would do in 
comparison with the spray. It does show that under the conditions 
of this experiment, the dust is not as efficient as the spray. The 
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TABLE 4 
Spraying Experiment at Hammonton 


Treatment | WYieldper Acre | Rot 
| pounds | per cent 

SU IR ie Gis hs Occ eh oss eas ogee | 3650 7 
BG er = ws sla ein ks orn nuelee eae os 
IAIN sw cos 'c Saks gs os oie o wees 0 | 100 
SIP RMRTROMEIINICH C25 os fowls cc csleblcadee'es 2950 6 
DRM OR Oe cocig x ciao ig is arn dao isls & oe | 
UES oo ace psec ke ece ees 6G | 2500 6 


ol Movie 206 Meh i) i errs 
OME ce Onley sotto sede dalie eds 0 100 
SUMP LISTICS 2's, «tess o's SRO ola Bole a 3450 7 
RR COAD Gy fens aces rel olas ss dsia.e ee 08 
MeREEDPCUNCS i. fag eh co's ou este ees | 2000 | 80 
MMRMEITIC MEN (a'r. ene es Ns hn dvix « « | | 80 


same thing is brought out more forcefully in another experiment 
carried on by Mr. Driggers reported fully under the following title: 


A Comparison of Copper-Lime Dust and Liquid Bordeaux 
Spray to Control Cranberry Rot 


Experiments were carried on in 1923 and 1924 for the purpose 
of comparing copper-lime dust with liquid bordeaux for the control 
of the so-called “blast” and “rot” of cranberries (caused principally 
by Guignardia vaccinu Shear and Acanthorhynchus vaccinu Shear). 
In both of these seasons the amount of rot showing up on any of 
the plots was so small that no differences could be noted betweer 
the treated and the untreated plots. 

At the beginning of the 1925 season, a bog was located on the 
property of Mr. Haines near Chatsworth, that, from its past history, 
promised to develop a heavy rot infestation. During the course of 
the season “blast” and “rot” appeared on the bog as was expected. 
The “blast” was caused by Guignardia vaccini Shear and the “rot,” 
according to Dr. C. L. Shear, of the United States Department of 
Agriculture, was caused principally by Guignardia vaccini Shear 
and to a lesser extent by Acanthorhynchus vaccinu Shear. Both 
these diseases have been controlled by liquid bordeaux for a number 
of years. ) 

The liquid bordeaux used in this experiment was of a 5-5-50 
formula. Applications were made at the rate of 250 gallons to the 
acre. The different strengths of copper dust used were (1) mono- 
hydrate copper sulfate (36 per cent metallic copper) 100 per cent; 
(2) 75 per cent copper sulfate to 25 per cent hydrated lime and (3) 
50 per cent copper sulfate and 50 per cent hydrated lime. It was 
thought that the copper dust with a low lime content or no lime at all 
would probably give negative results; however, in view of the fact 
that it was desirable to cut down the lime content if possible in order 
to lower the number of pounds of material per acre, it was decided 
to use the strong copper sulfate dust. 
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A series of plots 1/80 acre in size were laid out and treated as 
follows: Plot 1 was left as a check; plot 2 was dusted with 50-50 
copper-lime dust; plot 3 was dusted with 75-25 copper-lime dust ; 
plot 4 was dusted with 100-0 copper dust; plot 5 was sprayed with 
a 5-5-50 bordeaux; plot 6 was left as a check. Plots 7, 8, 9, 10 and 
11 were treated the same as plots 2, 3, 4, 5, and 6. 

One application cf each of the materials was made before blooming 
on June 23 and five subsequent treatments after bloom on the fol- 
lowing dates: July 11, July 27, August 3, August 11 afid August 
25. The treatments were made the day following a rain, the dusts 
being applied early in the morning before the vines were dry and the 
spray later in the day when the vines were dry. 

The differences between the plots were recorded by weighing 
the berries and counting the per cent of rotten berries at harvesting. 
The rot was determined by counting the number of rotten berries 
found in 400 taken at random from each plot after harvesting. 
Table 5 shows the yield and per cent of rot from each plot: 


TABLE 5 
Effect of Spray and Dust Treatments for Cranberry Rot, 1925 


. Rot at 
No. Treatment Yield Harvest- 
Plot per Acre ing 
| pounds | percent 
1 Nothing Poe Sook al 2 RAR eaih a ee eee eee 2384 | 68.0 
2 |Dusted 6 times with 50 per cent Copper Dust 2804 50.5 
3 |Dusted 6 times with 75 per cent Copper Dust 2300 | 5/32 
4 |Dusted 6 times with 100 per cent Copper Dust 1104 67.0 
5 |Sprayed 6 times with 5-5-50 Bordeaux....... 4960 | Zo%2 
6: NOTHiiS ae teen oes oe OC ER Soe see eee ome 2504 | 71.0 
7°" Sanielas: Plot-Z: ao. Sie cyt ee ee eee 2920 | 48 .0 
8. Sameias: Plot at. o, 0e i. es es ee 2064 | 44.2 
9). \Samecas: Plots a stingers Sats tees Urencaers cee eer ae | 1720 | 65.5 
10... 7 Same ‘ascP lor arcs ch pe ete ee eae | 5120 22 
LT | Nothing: 20.50, oilea sae oe ae eee | 1384 | 76.7 


An examination of the data in table 5 shows some interesting 
results. Bordeaux spray gave by far the best control. The yield 
was over twice that of the check plots and in addition, the per cent 
of rot on the sprayed plots was only about one-third that of the check 
plots. The results from the sprayed plots were as expected and are 
in keeping with the well established fact that bordeaux spray will 
control the rot diseases of cranberries. 

The results from the dusted plots show that with the kind of 
dust used and under the conditions of the experiment, copper, pound 
for pound, is not as effective in the dust form as in the liquid. The 
50-50 copper-lime dust gave better yields than the more concentrated 
dust, indicating that there was a deficiency of lime in the 100 per 
cent and 75 per cent copper dusts. The 100 per cent copper dust 
gave a smaller yield than the check plots, which indicates that the 
strong copper dust had a toxic effect on the cranberry plant. It js 
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planned to continue the experiment another year, using copper-lime 
dusts with a greater proportion of lime. 


The Effect of the Water-Table on the Growth and Yield of 
Cranberries 


The water-table experiment was continued during 1925 as in 
the previous season. On one-half of the plots the water was held 
at different depths below the surface (at the surface, 3 inches, 6 
inches, 9 inches, 12 inches, and 15 inches) throughout the growing 
season and the yield, annual growth and per cent of rot recorded. 
On the other half of plots the water was held high until the vines 
were in bloom and then lowered for the remainder of the growing 
season. 


The results for the past season follow rather closely the results 
obtained in 1924. Table 6 shows the data obtained where the water 
was held at the different levels throughout the growing season. 
Table 7 shows the data obtained from that part of the experiment 
where the water was held high until the vines were in bloom and 
then lowered for the remainder of the season. 


TABLE 6 


Annual Growth, Yield and Per Cent of Rot on Plots Where the 
Different Water Levels Were Held Throughout the 
Growing Season, 1925 


| Group 1| Group 2| Group 3| Group 4| Group 5 
Depth of Water Levels (inches) 0-3 3-6 | 6-9 | 9-12 12-15 
- Average Length of Annual | 


Grow tae (inches) Mac.) 7e..2. Zeoh 2.49 Ze Aimee 2.90, 3216 
Average Number of Uprights to 
Pieesiiare 1O0to.. s2 240 iui. « 370 427 471 475 452 
ie tdmee NOUNS Fn viii t's 2 0.staers 16.7 20.5 LO 2eeco OF 31) 2495 
BVA COLIC Cotas ben fs fal > yess te AO 62.93 Av lOs ib 2. ek eee 
TABLE 7 


Annual Growth, Yield and Per Cent of Rot on Plots Where the 
Water Was Held High Until Blossoming and Then 
Lowered for the Remainder of the Season, 1925 


| Groupl | Group2 | Group3 | Group 4 


Depth of Water Level (inches) *| 0-4; 7-9 | 4-7; 9-11|7-9; 11-13|9-11; 13-15 
Average Length of Annual | | 

Growtianches i, ex ees 2.46 | 2206 yi 2.88 2.85 
Average Number of Uprights 

Hae BQUNLEsOOt cin :.'s wiiatsil ds SO (me Wel 403i32 7, | 423 411 
Viele Ghouls au an. iis <.. 40. 05. | 9 Oey) 18:6 Wea 20.7 
ROteGperement yarn awe. shee et 1733. | VI baat ai 227 


*First two figures show depth of water up to blooming; second two figures 
show depth of water from the blooming period to the end of the growing 
season. 
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The data in table 6 show a direct correlation between depth of 
water below the surface of the bog and the vegetative growth as 
expressed by the average length of the annual growth and the aver- 
age number of urights to a square foot. Table 6 also shows a similar 
correlation between the depth of the water level and the yield. 
There was comparatively little rot on any of the plots represented 
in table 6 and 7 for this season. The per cent of rot for this season 
does not follow that of the two previous seasons, when the highest 
percentage of rot was found where the water levels were held high. 
Three factors can be cited that may explain the small amount of rot 
on the experiment as a whole during the past season. At the begin- 
ning of the season about one-half of the probable crop was destroyed 
by frost. A week of hot dry weather just before bloom further re- 
duced the crop by causing a part of the flower buds to become 
blasted. The remaining light crop on the vines encountered good 
weather, as regards rot infection, for the remainder of the season. 
Another factor that may be taken into consideration is the fact that 
the berries were picked about ten days before maturity, consequently 
the rot had less time to show up in infected berries. 

The data in table 7 show results that are somewhat indefinite. 
An effort was made after blooming to lower the water under groups 
1 and 2 to a point equal to the depth of groups 3 and 4. However, 
seepage from higher to lower levels and lack of depth in some of the 
ditches caused the water to stand at a higher level under group 1 
and to slope off toward group 4. As a result, the data in table 7 
follow somewhat the trend of the data in table 6. 


The Effect of Cranberry Bog Flowage Water on the Larvae of 
the Japanese Beetle, Papillia japonica Newm. 

The advent of the Japanese beetle into the cranberry region 
during recent years has led to the question of the ability of the 
insect to withstand flowage conditions on cranberry bogs. The stage 
of the insect that would be affected by flowage is the larva. Other 
beetle larvae (such as the larvae of the Cranberry Root Worm Rhab- 
dopterus picipes Oliv, and certain White Grubs) are able to with- 
stand spring and fall, and even winter flowage, according to Scam- 
mell.2 Therefore it was thought that the Japanese beetle grubs 
would also survive short periods of flowage and possibly the long 
winter flowage. The following experiments were carried out in an 
effort to clear up these points. 

On May 8, 1925, several hundred larvae were secured from near the Japanese 
beetle laboratory at Riverton, N. J., and treated as follows: In a glass vessel, 
100 of the larvae were submerged to a depth of 10 inches in bog water. Four 
hundred of the remaining larvae were divided into lots of 20 each and each lot 
placed near the center of a quart can of bog soil. The tops of the cans were 


covered with cheese-cloth and holes punched in the bottoms and sides. The 20 
cans of soil containing the larvae were placed in an open crate and sunk to a 


1Particularly Phytalus georgianus Horn, Dyscienetus trachypygus Burm. 
and Lachnosterna grandes Sm. 

2Scammell, H. B. 1917 Cranberry insect problems and suggestions for solving 
them. U. S. Dept. Agr. Farmers Bul. 860. 
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depth of 10 inches in one of the ditches on the bog. One can was left out 
of the water to serve as a check. 
From day to day one of the cans was removed from the water and the live 
and dead larvae recorded. At the same time five of the larvae in the bog water 
were removed and the live and dead larvae recorded. 
Table 8 shows the number of live and dead larvae found in the water and 
soil from day to day. 


TABLE 8 


Effect of Bog Water on Japanese Beetle Larvae Exposed and 
Embedded in Bog Soil 


Larvae in Bog Larvae in Bog Soil Larvae in Bog 
Date Water Covered with Water Soil (Check) 
OMe" Dead | Alive | Dead | Alive | Dead Alive 
May 9 | a | 2 2 18 | | 
10 1 4 1 19 | ie as 
11 0 5 0 20 | iy 7 
12 3 4 4 16 | = vA 
13 i 3 4 16 | ok Me 
14 3 2 Fs) 15 | a a 
15 3 fs 6 | 14 | res a 
16 2 3 3 17 | af a 
La 3 ro 4 | 16 | 2 ces 
18 4* 1 5 15 a | a4 
19 4 1 10 | 10 
20 | 3 2 9 11 | 
vi Nae 1 4 7. | 13 | 
ce 3 | 2 10 | 10 | a 
Epa G 4 | 1 12 | 8 “a | 
Fath 4 | 1 | 15 | 3 | a | 
June 1 | 25 | 0 11 | 9 ty | Py 
4° | i% | ae | 17 | c 3 | 17 


*From ten days on, many of the larvae in the water were affected by a 
fungous growth which formed a quite distinct halo of fungous bodies about the 
grub. 


The data in table 9 indicate that the grubs of the Japanese beetle 
are able to survive submerged in bog water for a period of 10 days to 
two weeks during the month of May. During the latter part of 
May and the first of June, cranberry bogs are usually flowed to con- 
trol certain insects. This flowage rarely extends over a period of 48 
hours. ‘Therefore, the indications are that the Japanese beetle grubs 
would not be materially affected by the spring reflow. 

An additional experiment was carried on during the fall, winter 
and spring of 1925-26 to determine whether or not the grubs could 
become established in cranberry bogs and successfully pass the win- 
ter under flowed conditions. 

On September 28, 1925, a number of Japanese beetle grubs were 
secured from the Japanese beetle laboratory at Riverton. One hun- 
dred and fifteen grubs were placed in each of two wire cages 1 by 1 
by 2 feet, filled with peat and sand mixed half and half. One of 
the cages was placed in a cranberry bog so that the top of the cage 
was about 3 or 4 inches below the surface of the bog. The other 
cage, which was to serve as a check, was buried at the same depth 
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on high ground near the insectary. The winter flowage was placed: 
on the bog December 10, 1925, and remained at a depth of 2 to 3 
feet until April 18, 1926, when the water was drawn off. On May 
14, the two cages were opened and the soil carefully examined for 
live and dead larvae. Table 9 shows the condition of the larvae in 
the submerged and check cages on May 14, 1926. 


TABLE 9 


The Effect of Winter Submergence on the Japanese Beetle Larvae 
Where the Water Was Held Four Months 


| 7. Larvae |) Larvae Larvae Larvae 

| in Cage) 2h Alive Dead ‘Missing 
Cave under. water 2.01. 115 0 67 | 48 
Gage out olwatereus. & 145 38 11 66 


The data in table 9 indicate that the grubs of the Japanese beetle 
are not able to go over the winter under bogs that are flowed for a 
period of four months during the winter and spring. 


Insects of the Cultivated Blueberry 


During the past season, the junior writer, B. F. Driggers, has 
been carrying on life-history studies on the different insects found on 
the cultivated blueberry. Few of these have become of economic im- 
portance as yet. However, as the blueberry plantings are becoming 
more extensive from year to year, it is to be expected that the insects 
native to the blueberry, and also some of the cranberry insects, will in- 
crease. Among the insects that have received attention during the 
past season are: (1) A gall fly that damages the growing tips; (2) 
a stem borer resembling the raspberry stem borer; (3) a Lepidop- 
terous larva that bores in the berries; (4) several Hymenopterous 
parasites associated with a gall on the stems and (5) the cranberry 
root worm. 

The first of these, the blueberry tip worm Contarinia vaccini 
Felt, was described in a recentypaper.t Dr. E. P. Felt, of the New 
York State Agricultural Experiment Station, furnished the descrip- 
tion of the adult, which proved to be a new species. Descriptions of 
the egg, larva and pupa and the injury to the plant were supplied by 
the writer. 

Experiments are now under way looking toward the control of 
the cranberry root worm on blueberry. Two of the more promising 
insecticides, calcium cyanide and sodium fluosilicate, are being tried 
out against the adult of this insect. The experiments so far indicate 
that it can be controlled by fumigating with calcium cyanide shortly 
after the beetles emerge from the soil and begin egg laying and 
feeding. 


ean the Journal of the New York Entomological Society (Vol. 34, March, 
1926). 
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The Nature of Cranberry Bog Peat 


In July, 1925, a study of the nature of cranberry bog peats was 
begun by C. D. Jones. Previous observations made upon certain of 
the older cranberry bogs had indicated that they were developing a 
state of lowered productivity, a tendency which it was desired to 
remedy, but concerning the nature of which little was known. Work 
on such a problem necessitated a more extensive and more definite 
knowledge of the biochemical processes taking place in such soils and 
accordingly a general survey of the microbiological and chemical 
factors involved was undertaken. 


The acidity of the peat in cranberry bogs is extremely marked. 
Potentiometric determinations gave pH values ranging downward 
to as low as 3.02 in small localized areas. The general range in reac- 
tion is well illustrated by the data in table 10. 


TaBLe 10 
Reaction of Bog Peats 
Site of Bog |Depthof Sample| pH 
inches 
Pr PRCATEO CIE DOU i ai, Tic cot cr etre ain aha wore ere ais 0-1 oe7h 
tC ret ADEE DIOEYN ON 2a co ee Pats des FS tie eee ek 0-1 3.61 
WeateGstalernlol INOS LL or fete rrr ects eevee ee 10-12 B2G5 
North Branch, new bog, black peat.............. 0-1 3.83 
North Branch, new bog, brown peat............. 0-1 3.65 
ar MPECEDIOLGIN Os O73 oc crore fe ce sks Sees se bes: 0-1 4.41 
eB OTE ADOVE? ise yd ee Nis a5 tule Corie ete | 0-1 Oroe 
Limed plot 3,000 Ibs. annually for 3 years........ | 0-1 7E1Z 
eG UIDs OTEADOVE acco e ens sath aac ama ta ae. | 0-1 3.99 


This degree of acidity together with the moist and poorly aerated 
conditions usually found in such peats keeps down the microorganic 
population to very low numbers. Plate counts made after the usual 
methods gave fungi in numbers ranging from 20,000 to 200,000 
per gram of peat, the more common counts being 40,000 to 60,000. 
Bacterial numbers varied from 20,000 to 100,000 with only an occa- 
sional higher count being observed. Anaerobic numbers were not 
determined. Significant numbers of actinomycetes were found only 
in limed areas, the influence of the peat’s reaction being shown by 
the following: 

Limed plot pH 7.12 800,000 actinomycetes per gram 
Unlimed check pH 3.99 no actinomycetes per gram 
Protoza were few, not over 200 to 300 per gram of peat being found. 


Such a low microbiological population in material comprised 80 
per cent or more of organic matter indicates a rather inactive state 
of decomposition. The existence of such great accumulations of 
partly decomposed plant residues is fairly ample proof that either 
this residual material is itself extremely resistant to further decom- 
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position, or that environmental conditions encountered in the bog 
effectually prevent attack by the usual organisms, or that both the 
above causes are contributing factors. On the assumption that a_ 
more active decomposition of the peat would prove beneficial to the 
economic crop, due to increased availability of mineral plant-food 
elements in the accumulated residual material, experiments were de- 
signed to study the influence of moisture content, aeration and acid- 
ity, and to ascertain the effect of added organic and inorganic sub- 
stances. 


In these experiments the rate of decomposition was measured by 
the amount of CO, evolved per unit interval of time. The peat used 
was freshly dug material obtained near one of the check plots of the 
water-table series. While still moist it was sieved and weighed into 
the flasks of the aeration apparatus. In table 11 the weight of the 
peat sample, the treatment, duration of the experiment, and the total 
amount of carbon in the carbon dioxide evolved are given. 


Taace ti 


Influence of Water Content Upon Rate of Decomposition of 
Cranberry Bog Peat 


Water in 100 gm. of material. : C in the COg evolved in 30 days. 
gm. mgm. 
45.0 72.9 
47.0 73.0 
5LY 73.0 
56.7 60.4 
61.3 Wie 
66.2 (nearly saturated) 57o 
70.2 (saturated) 58.7 


In succeeding experiments the peat used contained approximately 
50 per cent of dry matter. Care was also taken to keep the peat of 
uniform depth in the flasks so as to avoid variations due to irregular 
settling or packing of the material. 


TABLE 12 
Influence of Fertilizer Upon CO, Evolution 


Treatment C in COs evolved 


in 30 days 

mgm. 

100 gm: peat: (check) y.fi sates kas os diets geo te ee er | 59.7 
100 ‘gm:5:2) gm. CaCl Ogtnw qismed ds hie eee ee | 260.3 
100.¢m., 01s ome diteds bloods aac e sot) eet | 80.8 
100: gm.)'O.T ome MaNOai. cui. c ois Shae | 50.0 
100. em. 0:T prmrurea tyes ea Lee eee ee | 70.4 
100 ‘gm: /}:0.1 emiaicidsphosphates)...26 2a eee ere | 54.4 


100 gi: 41.0 2m dried; bloadies he ee ee | 278.6 
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TABLE 13 


Decomposition of Peat Organic Matter When Mixed With Large 
Amounts of Inert Material 


C in CO evolved 


Treatment ie sidans 
| mgm 
Ae TNE coef aor. ca ohoinue history's, 4 ou, ocho «4 0'e goatee i 
Ar eMEETLLPTOS CAE Peles ssl bic ses psohea ewes byte k's we oe 20.8 
TURMERIC Cs ye ee) des cece dues cecsecedescts 22.7 
litrmmmrrsea em peat A ok eee iene ae 
Leroi thems neat;.0:.5 CaCOgs)..4 osc cid Jodie | 25.5 
eee, om..peat, 0.5,CaCOg ) wt chloviseoseccesseys | 46.8 
Peepemeeatig. oom. peat 2.5\aCOg. 2. ck. eke be es chess | 59.2 
100 gm. sand, 1 gm. peat, 0.1 ammonium phosphate ...... 18.4 
100 gm. sand, 5 gm. peat, 0.5 ammonium phosphate ...... | 2350 
TasLe 14 
Effect of Added Organic Matter Upon the Evolution of CO, 
From Peat 
C in COeg evolved 
Treatment a dOvdee 
| mgm. 
BR URCA MeN corres til ts 2c Site, oe PALA aE we hiee se es | 49 .3 
Din gin pedtre -per cent celluloses; 22.5 6.2 eet oo, fs ole | 54.1 
Pes Te CatPeuperccent: Straw sith velcaie > sista Ade ise elo ob om 69.3 
PU eavCAE 7 IDet. CENt, SOV DEAN sINEAL 6 ca eivey sie mpetden/¥.9 shu 84.4 
80 gm. peat, 2 per cent cellulose, 1 per cent CaCOz...... 99.5 
80 gm. peat, 2 per cent straw, 1 per cent CaCOg........ 118.6 
TABLE 15 
Effect of Different Forms of Nitrogen Upon the Evolution of CO, 
From Peat 
Treatment C in COg evolved 
in 28 days 
| mgm. 
PIECED ALS ea tipAn) oe 2. sk Se ak en ate Fle ies weds 54.7 
Nitrogen applied at rate of 0.104 gm. per flask as: | 
RM re ed, ore rat's «ine # oleielt Wiecfia's hacee.che in acs | 101.2 
Be MeeMINTE STILL AlCl oy. e Sods «wae s wisplais'y ome Sine apes ea <4 | 54.9 
SELIG aTO Ne th ss Suites oe a view alee le ae ale cult os | 66.4 
PRE SUUTLALT Ate Lee ie ard Wa Sccks cet pee ciee wa blast ta sh | Gis 


The above results indicate that the peat does not readily respond 
to the above treatments. Table 14 brings out that the material itself 
does not break down readily even when mixed with large amounts 
of sand so as to form a well aerated compost. The effects of various 
mineral fertilizer compounds are not very marked. The results 
secured from application of different forms of nitrogen indicate that 
this element is not the limiting factor for microbiological activities 
in the peat even though the carbon-nitrogen ratio of this material is 
about 20:1, a rather wide ratio as compared to the approximate 10:1 
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equilibrium maintained by microorganic activities in the humus of 
ordinary soil. 

Other work is now in progress dealing with the long time effects 
of lime upon fairly dry, well aerated peat. Certain composts of this 
nature have indicated that such treatments can markedly alter the 
appearance and physical texture of the peat while at the same time 
the microflora both changes its character and increases in density. 

The range in acidity, or local variations in reaction, of different 
peat bogs, also is being studied. Where possible, such variation is 
to be correlated with the appearance of the cranberry plants growing 
on such areas. In connection with this, the reaction limits tolerated 
by growing cranberry plants will be investigated by means of field 
plots and pot cultures in which the acidity is artificially controlled. 


Soil Infesting Insect Investigations 


Wire-worms 


In the annual report for the year ending June 30, 1925, it was 
stated that experiments on wire-worms with such materials as 
“Calma,” ‘Fluosilicate,” “Limag” and “Naphthalene” were going 
forward. These were preliminary experiments to indicate whether 
any of these substances had possibilities, from the standpoint of 
practical control of wire-worms. When “Calma” and soil were 
mixed at the rate of 1 to 100, and the resultant mixture placed in tin 
salve boxes into each of which a wire-worm was introduced, it was 
found that the wire-worms were unhurt for a period of 30 days. 
This experiment began on August 24 and was discontinued on Sep- 
tember 23. Greater dilutions of “‘Calma” were tried, but, of course, 
no kill was obtained. 

A similar mixture of calcium fluosilicate with soil was tried, under 
similar conditions, and from November 11 to 21, a period of 10 
days, the wire-worms were unaffected. As in the preceding experi- 
ment, greater dilutions were used, but no results were obtained. A 
similar experiment with “Limag” and soil was tried, beginning 
August 24 and ending September 23, a period of 30 days. Through- 
out this period the wire-worms were alive and vigorous. Again, as 
in the previous experiments, greater dilutions were tried, without 
any killing. 

“Naphthalene,” on the other hand, showed much more vigor. 
On August 24 a mixture of soil and naphthalene at the rate of 1 to 
1000 was made and placed in tin salve boxes into each of which a 
wire-worm was introduced. On August 29, the wire-worms were 
dead. Of the four substances mentioned “Naphthalene” is the only 
one which showed any promise and this lead will be followed fur- 
ther. 

Of course, checks were run throughout in which a single worm 
was placed in a tin salve box with an amount of soil equal to the 
total amount used in each of the boxes containing mixtures and the 
wire-worms lived actively for a period of 30 days, when the experi- 
ment was discontinued. 
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In the report for the year ending June 30, 1925, it was shown 
that either carbon bisulfide or calcium cyanide applied to the soil 
with a temperature of 60° to 70°, at a time that the plants were not 
present, would destroy a very high percentage of the wire-worms. 
The calcium cyanide being in lethal dosage considerably cheaper than 
the carbon bisulfide, a further experiment was begun in the spring 
of 1926. This experiment was set at the farm of Henniger and 
Bender, and at the farm of Mr. John Bender in the Richfield district 
near Paterson. The application was made with a special machine 
attached to the plow beam and the material distributed in the open 
furrow, which was promptly filled by the turning furrow slice. The 
applications were made on May 19, 1926, and on June 1 Mr. Harold 
Wettyen, county agricultural agent, examined the plots at John Ben- 
der’s place. Mr. Wettyen dug an aggregate area of 18 square feet, 
consisting of a number of well distributed component plots. He 
dug to the subsoil in each case and found in these 18 square feet 80 
wire-worms of which eleven were alive and 69 dead, indicating a kill 
of 86 per cent. On the same date Mr. Wettyen examined the treated 
plots at Mr. William Englebrecht’s place, which were treated in the 
summer of 1925. He reported an excellent crop of spinach and cab- 
bage on these plots with practically no plants missing. 


Bee Investigations 
Ray Hutson 
Introduction 


The honeybee investigations for the year have consisted of a 
continuance of work on the problems previously mentioned; the de- 
termination of the relation of the honeybee to fruit growing; and 
the breeding of European-foulbrood-resistant and high-producing 
strains of honeybees. In additions, tests have been made on the 
killing power of a mixture of ethyl acetate and carbon tetrachloride 
against waxmoth, and further tests on the use of chlorine gas as a 
disinfectant for use in the treatment of honeycombs infected with 
American foulbrood. 

Pollination Studies 

The investigations! made in other parts of the United States, 
as well as in New Jersey, show the honeybee as an effective agent 
in the pollination of fruits. As intimated in the introduction, the 
work on this problem is a continuation of the studies hitherto made. 


1Tufts, W. P. 1919. Pollination of the Bartlett pear. Cal. Agr. Exp. Sta. 
Bul. 307. 

Hendrickson, A. H. 1919. Plum pollination. Cal. Agr. Exp. Sta. Bul. 310. 

Waite, Merton B. 1895. Pollination of pear flowers. U. S. Dept. Agr. 
Div. of Veg. Path. Bul. 5. 

Lewis, C. I., and Vincent, C. C. 1909. Pollination of the apple. Ore. Agr. 
Exp. Sta. Bul. 104. 

Morris, O. M. 1921. Studies in apple pollination. Wash Agr. Exp. Sta. 
Bul. 163. 

Hutson, Ray 1923-1925. Report of the Department of Entomology. In 
N. J. Agr. Exp. Sta. 44th, 45th, and 46th Ann. Rpt. 
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TABLE 1 
Bees on Starr Trees, Minch Brothers Orchard 
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Confirmation observations on distribution of honeybees, varietal 
preferences, and prevalence of insects other than honeybees have 
been sought. 


Distribution of Honeybees About Groups of Hives 


Hives were placed in Minch Brothers Starr planting at Linden 
orchard, approximately 210 feet apart each way, and for comparison 
a group of 5 hives were placed in their Williams Early Red planting 
at Mortar Brick orchard. Count of bees on trees were made at both 
places on two different days as nearly together as the trip of 2 miles 
by auto could be safely made. The plan of counting was that of ob- 
serving the number of bees on every tree in the row containing bees. 


TABLE 2 
Bees on Williams Early Red Trees, Minch Brothers Orchard - 
Tree No. | May 6 | May 8 

\* | 4 | 45 
2 | 1 | 4 

3 | 2 | 3 

4 ! 3 | 1 

5 | 0 | 3 

6 | 3 | 3 

7 | 2 | 0 

8 2 | 5 

9 | 0 | 0 
10 | 0 1 
11 1 | 1 
12 | 0 | 2 
13 | 1 | 0 
14 | 1 | 0 
15 | 1 3 
16 | 2 2 
17 | 0 0 
18 | 0 2 
19 | 0 2 
20 | 0 | 2 
21 | 0 | 1 
22 1 1 
23 ie 1 
24 1 | 1 
25 | 1 | 3 
26 | %, 2 
27 1 3 
28 | 0 0 
29 0 1 
30 | 1 3 
31 | 0 2 
32 1 0 
33 | 1 2 
34 1 0 
35 | 2 1 
36 | 1 1 
Sy 2 0 
38 | 1 | 2 
39 | 0 1 
40 | 1 0 
41 | 2 2 
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The object of the counts was to ascertain the accuracy of the previ- 
ously reported observation that bees tend to concentrate about groups 
of hives. The numbers of bees on trees placed in the two ways are 
shown in tables 1 and 2. The location of the hives in the plantings 
is indicated by asterisks opposite the tree numbers in the tables. 


A further light is thrown upon the effect of hive placing by the 
counts of.set made on trees in the two orchards. In the Starr plant- 
ing, trees were selected at the hive site (No. 1), 40, 80, and 120 feet 
away. Inthe Williams planting trees were selected at the hives (No. 
1), 40, 80, 120 and 240 feet away. The fallen pedicels under the 
selected trees were collected and counted, and also the fruits on the 
trees were counted. From these figures the percentage of set was 
computed and given as in table 3. 


TABLE 3 
Results of Blossom and Apple Set Counts in Minch Brothers 
Orchards 
Fruit Set 
ee ne from Tree Blossoms 
Ae Number | Pet Cent 
At hives Starr | 1830 965 | 53.20 
Williams | 1910 | 539 Zo.4 
40 Starr 1399 289 20.0 
Williams 1180 | 177 | 15.0 
80 Starr 2387 | 341 14.2 
Williams 1818 | 200 1-6 
120 | Starr | 1714 | 536 | 31:2 
| Williams | 353d ona 219 6.2 


The results of the study of distribution about hives may be re- 
garded as confirming the conclusions reached in previous years on 
the same subject.1 The varieties are different and of course show 
different percentages of set, but the same trends are evident. When 
hives are placed singly, approximately 210 feet apart each way, the 
set is as large away from the hives as in their vicinity; when groups 
of hives are used the set decreases as one goes away from the hives. 


Varietal Preferences Exhibited by Bees 


Different plants closely related show varying attraction for bees, 
a fact long recognized by beekeepers. Some little work on this 
problem as affecting pollination is included in last year’s report.’ 
This year further work was done. Bees were counted on 10 trees 
of each variety available and the results averaged. The average 
number of bees per tree on each variety is listed in table 4. 


1N. J. Agr. Exp. Sta. 44th (1923) and 45th (1924) Ann. Rpt. 
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TABLE 4 
Attraction of Bees by Different Varieties of Apples 


Variety iaeLees per tree 
ocho bie phe nepal Alt ae ae aac a epee ee 8 os | 7.8 
MERU TS UE Pi eias 5 38s oe sale co cae Jo 
Rverieaaiy) em. faeht. hee. Sid. pllhs. kia glee tees | 7.0 
MERIIOS Tee NAT ER sci s frats > ose bats Reaheaet= Ae | ay) 
BETO USER aint > rie acolo 005 we» ate, Save BW sak | 4.8 
nS igen itn gin der 98 abet: | 3./ 
RPCLICIOLISM RNS s tater ce ear Fa eae cums 3.0 
iCIALOSHts mies. Sows. tet. ROME: Jatlek ene a7) 
REAM PULSSOUYRIEAS « eacy-n hua ste wince cele ee cee 2.6 


Because of differences in the size of the trees and the amount 
of bloom these figures were not regarded as conclusively showing 
the true condition, so further tests were made with bouquets of the 
same size placed in tubs of water at the optimum distance, determ- 
ined in the following manner. Only possible pollinators were tested. 
As a preliminary test bouquets of Grimes were placed in tubs, imme- 
diately in front of the hive, 5, 10, 15, and 30 feet away and the 
bees visiting each in one hour counted. Table 5 gives these numbers. 


TABLE 5 
Attraction of Bees by Grimes Blossoms 


Distance from hive | Number of bees in 1 hour 
feet 
At hive 1 
5 4 
10 8 
15 Le 
30 1 


The results listed in table 5 together with the experience of last 
year! led to the placing of the bouquets in the varietal preference test 
15 feet from the hives. The number of bees visiting equal-sized 
bouquets of different varieties placed 15 feet from the hive is given 
in table 6. 


TABLE 6 
Attraction of Bees by Blossoms of Six Varieties of Apples 


; Number of bees 
Variety | in 1 hour 
et ee hi Natit a dks hp tere eit voici & eo nck « | 2h 
UR Oc eve ood Gli SARA RI ee nhs a a ee | 22 
Giverate mers ar ee Tin ee akin ae biecce 0d 19 
Smokehowsemriseen sete siietsts Sen tee, Be antl oe | 18 
Del cio ame memamr pees i). PERMA ian eG AG Soaks > osle de see | 13 
MA GIN LOSI eI he ae a ahd ok en iivicle ete cone ds oa oe | 11 


IN. J. Agr. Exp. Sta. 46th (1925) Ann. Rpt. 
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The preferences shown by bees for certain varieties are undout- 
edly due to some variation in the amount of nectar and pollen avail- 
able. That bees do show a preference is of significance to the fruit 
grower and should be taken into account in planting. That the pref- 
erences are different under other conditions cannot but be true if 
we recall the variation in nectar secretion displayed by various 
plants. The facts brought out in the test to determine the best 
distance for pollinator bouquets from the hives is of especial weight 
in any orchard where such means are used to secure adequate cross 
fertilization. ‘The study reported is supported by random observa- 
tions in other orchards, that bees do not visit the bouquets placed 
near the hives so readily as when they are 10 or more feet away. 


Collections 
The plan of an hour’s collecting daily was followed during the 
blooming period. Every effort was made to secure all the insects 
seen. The results are given in table 7. 


TABLE 7 
Daily Collections During Blooming Period 

May 6 | May 7 | May 8 
1 Megachile 1 Xylocopa | 1 Megachile 
1 Xylocopa 2 Halicutus | 1 Halicutus 
1 Halicutus 5 Bumblebees | 7 Bumblebees 
12 Muscids 6 Muscids | 8 Muscids 
8 Bumblebees 12 Chironomids | 119 Chironomids 
Wind (miles per hour) 13 1 30 
Mean Temperature (F.) 62° | 6875 68° 
Humidity at noon (per ct.) 34| 36 | 36 


The collections this year serve to substantiate the conclusion 
reached in previous years that comparatively few insects are present 
at blooming time in southern New Jersey orchards. The most strik- 
ing thing was the few Chironomid flies. Halictus was collected for 
the first time. In this connection a sod orchard at Pattenburg, Hun- 
terdon County, was visited during its blooming period 2 weeks later 
when an hour’s collecting gave 1523 Halictus, 32 Bumblebees, and 
20 Muscids. The weather conditions on the whole were good for 
insects’ work, although on May 8 the wind was rather high. 

Ethyl Acetate-Carbon Tetrachloride Mixture for Fumigation 

Against Waxmoth 

Tests were made of the efficiency of a mixture of ethyl acetate 
and carbon tetrachloride as a substitute in fumigation against wax- 
moth (Galleria Mellonella L.) The material is effective at iar 
tures of about 60°F .* 

The results may be briefly summarized as follows: Larvae and 
pupae were exposed for given periods to varying concentrations of 
the vapor in bell jars of known capacity, and the kill ascertained The 
concentration, kill and time appear in table 8. 


1The results appeared in the American Bee Journal for June, 1926, v. 66, 
p. 273-274. 
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TABLE 8 
Kill of Waxmoth by Mixture of Ethyl Acetate and Carbon 
Tetrachloride 
Concentration, pounds per 1000 cubic feet | Number killed in given exposure 
Larvae | 24hours | 48hours | 72 hours 
AGE he Peers Ae 10 10 | 10 
DOMMES oo fing a alates eb To bie wlsicess 10 10 | 10 
CEL ol A OS al ee 9 9 10 
fe a A 2 6 6 
Pupae 
.. AubheiaSt ah Se eae 10 10 | 10 
en ee Ln es dP oats xs ho 9k 8 10 | 10 
NE sinc ts 4.4 sha o s,h0 (404 soe 4h 4 5 | 5 
OE ee ee si accindg Cp = at pane oes Z 2 | Be 


Gaseous Chlorine as a Disinfectant for American Foulbrood 


As detailed in the last report, tests are being made of moist 
chlorine gas as a disinfectant for American foulbrood infected 
combs. In every case it has been impossible to culture the causative 
organism from treated combs. ‘This condition has been met before 
by various investigators’ and does not always mean the organism has 
been killed. The first combs treated are still in use after one year 
and have not shown disease. Other combs treated for the same 
length of time (48 hours) developed the disease. Tests are now 
going on with the use of both dry combs and combs containing 
honey treated 3, 4, 8, and 30 days. These were put into the hives 
May 29, and did not show disease on June 29. Last year combs 
were put in the hives in May and did not show disease until August. 


Breeding Bees 


The breeding of European-foulbrood-resistant and high-produc- 
ing bees has been carried on during the year at the apiaries estab- 
lished for that purpose, and at the bee mating grounds near Chats- 
worth, Burlington County. 

No great change has been made the past year in the technique of 
breeding. Briefly it is this, the queens are reared in the yard, by 
the Doolittle method, introduced to nuclei containing six to ten 
thousand worker bees and a few selected drones. An effort is made 
to have about 5 pounds of honey and some sealed brood in the 
nucleus. 

After placing on the plains, feeders are put upon each nucleus 
and upon the 10-frame hive containing the selected drones. A drip 
arrangement provides for outside feeding of a 1 to 8 sugar and 
water solution. The general plan has been to visit the plains once 
a week, taking down virgin queens and bringing away queens mated 
during the period between the two visits. 


1White, G. F., U. S. Dept. Agr. Bul. 810. 
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Disease-resistant Strains 


During the last year, the work of testing and selecting the queens 
reared from the foundation stock, has proceeded in the usual manner 
of rearing a number of queens, mating them upon the plains, testing 
them in the yard for resistance of European foulbrood, and eliminat- 
ing those which show the disease. Several queens whose progeny 
did not show the disease last summer were discarded this spring. 

The following queens are considered worthy of record: 


P=Parent stock 

Queen C. Spicer. Queen has maintained an average of 8 frames of clean 
brood during past year. The bees are gentle and have produced 90 pounds 
of honey to July 1. 

Queen T. Parentage, F2P mated with FiP drone. Has produced to July 1 
an average of 6 frames of brood and 92 pounds of honey. 

Queen J. Cutts Fg mated to FeP drone. Bees have lost nervousness of 
Cutts bees and produce honey. Show scattering cells of European foulbrood. 

Queen Ag. Parentage, FyP mated with FyP drone. Produced a colony 
ready for winter. Has not shown European foulbrood. Produced to July 1 
an average of 8 frames of brood at all times and 85 pounds of honey. 

Queen H. Parentage, FyP mated with FiP drone. Produced a colony 
for winter. Has not shown European foulbrood. Produced to July 1 an 
average of 71%4 frames of brood at all times and 75 pounds of honey. 

Queen M. Parentage, FiP; mated with FiP drone. Produced a colony for 
winter. Has not shown European foulbrood. Produced to July 1, 7 frames 
of brood at all times and 70 potinds of honey. 

Queen S. Parentage F;P; mated with an F;D imported drone. Produced 
a colony for winter. Has shown up to 10 per cent European foulbrood on last 
four examinations. Produced to July 1 an average of 8 frames of brood, and 
45 pounds of honey. 

Queen V. Parentage, Fi1P; mated with an Fi,D imported drone. Pro- 
duced a colony for winter. Showed 5 per cent European foulbrood on April 9 
and May 11. Produced to July 1 an average of 7 frames of brood. No surplus. 


High-production Strains 
The same procedure described for the New Lisbon Yard, has 
been followed at the production yard at Lebanon, except that honey 
production and not disease resistance is the deciding factor. Up 
to July 1 there has been no honey flow and no colony gathered a 
surplus. Such a condition, however, gives opportunity for observa- 


tion of the laying power of queens. 

Queen C. Parentage FyF mated to FeF drone. Compact layer. Main- 
tained average of 4 frames of brood from August 1 to November 2, 1925. 
Maintained average of 8 frames from March 26 to July 1 with 13 as highest 
number. Produced 23 pounds of honey last fall. 

Queen D. Parentage, FyF mated to FeF drone. Maintained average of 5 
frames of brood from July 15, 1925 to October 15, 1925. Average of 6% 
frames March 26 to July 1, 1926. . 

Queen E. Parentage, FyF mated to FoF drone. Maintained average of 
6 frames of brood from August 1, 1925 to October 6, 1926; 38 pounds surplus. 
Nera average of 8 frames of compact brood from March 26 to July 
1, 1926. 

Queen F, Parentage, Basswood, purchased from Root Company in 1922. 
Introduced August 17, 1922. Selected as breeder because of record of bees. 
Died in winter. 

Queen Fa. Parentage, FoF mated to FeF drone. Dam Queen C. Main- 
tained average of 4 frames of compact brood from August 1 to October 6, 
1926, 52 pounds of surplus honey. Has maintained an average of 8 frames 
of compact brood from March 26 to July 1, 1926. 
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Queen G. Parentage, FeF from R mated to FeF drone from R. Main- 
tained average of 4 frames of brood from July 15 to October 6, 1926. 35 
pound of surplus honey. Average of 714 frames of compact brood March 
26 to July 1, 1926. 

Queen H. Parentage, FoF mated at Lebanon. Produced a colony which 
wintered in 1925. Has kept an average of 6% frames of brood from March 
26 to July 1, 1926. 

Queen I, Parentage, FyF mated to an FoF drone from Fa. Maintained 
an average of 4 frames of brood from July 15 to October 6, 1925. Has kept 
an average of 8%4 frames from March 26 to July 1, 1926, with a high 
number of 16. 

Queen J. Parentage, FiF, mated at Lebanon. Introduced July 15, 1925. 
Maintained an average of 6 frames of brood from April 1, 1925 to July 1, 1926. 

Queen K. Parentage, FiyF mated to FoF drone. Introduced August 19, 
1925. Maintained average of 5 frames of brood from April 1 to July 1, 1926. 

Queen L. Parentage, F1F mated to FoF drone from A. Introduced August 
19, 1926. Maintained April 1 to July 1, 1926, 6 frames of brood. 

Queen M, Parentage, FiF mated FoF drone from A. Introduced August 
19, 1926. Average of 5%4 frames of brood April 1 to July 1, 1926. 

Queen N. Parentage, FiF mated to Italian drone at Lebanon. Started 
laying August 11, 1926. Maintained 4 frames of brood until October 6, 1926. 
Maintained average of 7 frames April 1 to July 1, 1926. 

Queen O. Parentage, FyF mated to an Italian drone at Lebanon. Started 
laying August 11, 1926. Maintained 4 frames of brood until October 6, 1926. 
Kept an average of 6 frames of brood from April 1 to July 1, 1926. 

Queen P, Parentage, FiF mated to Italian drone at Lebanon. Started 
laying August 11, 1926. Kept 4 frames of brood until October 6, 1926. From 
April 1 to July 1, 1926, maintained 6 frames of brood. 

Queen Q. Parentage, Root FyF mated to an Italian drone at Lebanon. 
Started laying August 11, 1926. Average of 3 frames of brood until October 
6. From April 11 to July 1, 1926, maintained an average of 5 frames of brood. 

Queen R. Parentage, FiF mated to an Italian drone at Lebanon. Started 
laying August 28, 1926. Maintained an average of 4 frames of brood until 
Se sch From April 1, to July 1, 1926, maintained an average of 6 frames 
of brood. 


Mosquito Control Investigations 


This project is made the subject of a special section at the end 
of this report and need not be discussed at this point. 


Mosquito Control 
Tuomas J. HEADLEE AND FRANK W. MILLER 
Investigations 
Disappearance of Oil from Polluted Water 


JTmpounded or partially impounded sewage polluted waters are 
generally a source of prolific mosquito breeding. In most instances 
the only practical control is the application of oil or, in a few 
cases, larvicide. Oil has proved unsatisfactory in many instances 
since the film, so necessary for exterminating the mosquito in the 
larval stage, as a rule quickly becomes ineffective. 

The purpose of this investigation was to ascertain the responsible 
agency. Sewage polluted water was taken from the Passaic River, 
above the Dundee dam for a practical demonstration. 

First, a sample of the polluted water secured from the above 
location was placed in a beaker; at the same time another beaker 
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was filled with distilled water. An oil film was next spread over 
the surface of each and a watch maintained for durability. In 
about two and a half days oil had entirely disappeared from the 
surface of the polluted water, whereas traces of oil were noted 
twelve days later on the distilled water surface. 

Following this a series of tests was conducted by Dr. Rudolfs 
on the influence of certain bacterial cultures and their end products, 
upon the persistence of the oil film. 


| Length of | 
No. | Material run Oil 

1°: | Hydrogen sulfide: prodiicets2\ iw 4 nee | 5 days | some reduction 
2...| “Ay drotariien sdipestersuinuusin oot cananmet 30 hours | disappeared 

3 Mixed-ctilture Jot: dyand: 28027 o erat ie, 36 hours | disappeared 
4. Aydregen ssulfidengae 4 iar ekeaeene oe 3 hours | disappeared 

5 | Methane gas) wink Have Aileen once 16 hours | present 

6: : 4) Garbouwhoxide<gagia, cwietuet wapeeemiy eae 18 hours | present 

7 | Sewatees asa niu asi eee ae mean ge eae 3 hours | some reduction 
8 Sewage 2as(lab)i 24 ; otek eee dra. cee 20 days | present 

9. 1 Distilled jagater*) (eevecal) noe ee, Boke 20 days | present 


. It seems, therefore, that hydrocarbon-digesting organisms are 
probably directly responsible for the breaking up of the oil film, 
while bacteria attacking protein materials, releasing H,S, seem to 
have effect through the production of this gas. 


Mosquito Repellents 


A study of mosquito repellents carried on during the past four 
years by Dr. Rudolfs was terminated during the summer season of 
1925. A large number of the essential oils, single constituents of 
these oils, which give them their odor or apparent toxic qualities, and 
other substances, which would afford protection against adult mos- 
quitoes, were tried. The reaction of mosquitoes to the various sub- 
stances was determined both in the laboratory and in the field. In 
summarizing the results, it was found that thujo oil, cinnamic alde- 
hyde, anisic aldehyde, bergamot oil, clove oil, and pyrethrum extract 
(ordinary insect powder extract), were most effective. When mixed 
with vaseline, cold cream, or face powders, they gave considerably 
longer protection than when applied alone. In making such a re- 
pellent it was found that about 4 to 6 parts of oil or extract mixed 
with 94 to 96 parts of vaseline or cold cream was most satisfactory. 
Should a repellent in powder form be more desirable, the oil or ex- 
tract can be mixed with wheat flour, face powder, or talcum powder. 
In this case oil is used only in such quantities as the powder will 
absorb without forming a paste. Protection seems to be based pri- 
marily on the volatility of the oils or active substances in the ma- 
terials. When the oil is mixed with vaseline, volatilization is re- 
tarded and the user secures longer protection from mosquito bites. 
When the oils are used alone, protection rarely exceeds from one 
to ene and one-half hours as compared with from two to three hours 
when used with jelly or powder. 
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These experiments were carried out under trying conditions, 
mosquitoes alighting on unprotected persons at an average of from 
five to twenty a minute. 


Studies on Food for Mosquito Larvae 


The studies on food for mosquito larvae were continued by Dr. 
Rudolfs during the past year. The data in hand are quite volumin- 
ous and the general conclusion only is presented here. Sample 
water areas, some of which bred continuously throughout the sum- 
mer months, and others, where breeding would supposedly not take 
place, were selected. Water in these areas was collected and ana- 
lyzed, chemically, and microscopic determinations were made of the 
life contained therein. The results showed that the chemical com- 
pesition of the water determines the food supply, provided sufficient 
sunlight is present. 

“i Mosquito Migrations 

One of the most important biological problems facing successful 
mosquito work is the knowledge of mosquito migrations. It was 
early discovered that certain species had a considerable migratory 
range, while others were practically local in character. That mui- 
grating adults of various species have complicated and_ nullified 
otherwise successful campaigns in the past in limited areas, has 
frequently been demonstrated. 

Flights of the mosquitoes common in New Jersey have been 
carefully studied both by the late Dr. John B. Smith and by Dr. 
Thomas J. Headlee. Data have been obtained showing that certain 
species of salt marsh mosquitoes have been found in numbers 30 
and 40 miles away from the source of breeding; house mosquitoes 
(Culex pipiens), 2% miles from areas of intense infestation; and 
fresh water swamp mosquitoes (Aedes sylvestris), 7 miles distant 
from the point of emergence. The data concerning the flight of 
Aedes sylvestris were principally obtained during May, 1917, by 
Headlee* in the Upper Passaic Valley. 

During the summer of 1925, there occurred again in the Upper 
Passaic Valley, an emergence of upland breeding mosquitoes (mostly 
Aedcs sylvestris) of tremendous proportions. It must be stated, 
however, that this brood was of local intensity, being confined 
largely to the Slough Brook, Canoe Brook, and Chatham Bridge 
meadows, whereas the 1917 infestation spread northward and in- 
cluded Hatfield Swamp and the Great Piece Meadows. With a 
brood of this size it was considered an opportune time to conduct 
further investigations to corroborate or contradict findings of the 
past A novel departure was instituted in the methods hitherto em- 
ployed in New Jersey for such investigations. 

Six men were stationed in the heart of the infested area, close to 
the points of incubation, armed with a number of large test tubes. 
As many live adult mosquitoes were caught as could be controlled in 
each tube, and were then transferred to large lantern globes screened 


1Fifth Annual Proceedings, N. J. Mosq. Exter. Assoc. 1918: 104-110. 
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at both ends. In all, approximately 20,000 adult mosquitoes were 
finally lodged in these containers. Next, with the aid of an atomizer, 
these mosquitoes were coated with a film of methylene blue. After 
the material had been given an opportunity to dry, the trapped mos- 
quitoes were freed. 

Close observations were maintained on the main brood for signs 
of a general migratory movement. This did not occur until 48 
hours later when such a movement started, both to the north and 
south, in the valley. Generally speaking the valley in this vicinity 
runs north and south, while to the east and west are mountain 
ranges of considerable height with narrow passes at infrequent 
points. Stations were next selected at which specimens of mosquitoes 
on the wing were captured for later identification, at nightly increased 
distances from the point of release. Collections were continually 
made until the brood could no longer be traced and had apparently 
reached its outer limits. A few collections were then made in areas 
selected at random at more remote points on the bare possibility that 
stained specimens might be taken. 

Apparently the flight was confined to the Upper Passaic Valley, 
the major portion being to the north. During the period of heavy 
infestation the weather was warm and clear, with extremely light 
winds, if any, from the south and southwest. 

An idea may be gained of the tremendous density of this brood 
by quoting an average of the results of some of the early collec- 
tions. At the point of release an average catch of 125 mosquitoes 
was made by each man, in 15 minutes. The size of these collec- 
tions was limited only by the collectors’ manual dexterity. Ten 
thousand specimens were captured. These are still being identified 
and dipped for stained specimens. This work will be completed 
during the present summer and additional data secured, later to be 
molded into a satisfactory discussion. 

A general statement can be made at this time, however. The 
length of flight of this brood was approximately the same as dur- 
ing the flight of 1917 and, although it was more general north and 
south, rather than towards the mountain gaps of the east, this can 
possibly be explained by the statement that the 1925 brood, although 
extremely intensive, was not so extensive as during 1917. 


Studies on the Changes Occurring in the Vegetation of 
Salt Marsh Areas 


During the past few years it has been observed that vegetative 
changes have occurred on the New Jersey salt marsh areas, particu- 
larly in those areas that have been ditched, or diked and ditched, 
for mosquito control. In some instances the change in growth has 
been from reeds and sedges to grasses of intrinsic value, while in 
other instances changes of an opposite nature have occurred. The 
cutting of grass (mostly Juncus gerardi, commonly “black grass” 
and Spartina patens, commonly “true salt grass’) for salt hay forms 
a commercial project of considerable extent. Grass-grown meadows 
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are also less expensive to maintain from a mosquito control stand- 
point, for ditching of the type commonly used in this work “stands 
up” better and requires less maintenance than ditching in sedge bot- 
tom. Therefore, it is highly desirable to become informed on the 
causes for these changes in vegetation to the end that future mos- 
quito work may protect and encourage the growth of valued grasses. 

There are several angles from which this problem must be 
studied in order that the determining factor or factors may be es- 
tablished. It resolves itself chiefly, into a study of physical, hio- 
chemical, and mechanical effects upon the condition of the meadow, 
as follows: 

Physical 

(a) height of water table 

(b) porosity of soil, size of particles, etc. 
Biochemical 

(a) decay of vegetation 

(b) salt concentration 
Mechanically =. ’ 

(a) seed distribution (by tidal action and wind blown) 

Since most of the plant life to be found on the salt marshes is 
not typical under other soil conditions, it was decided to attack the 
problem from a standpoint of salt concentration and height of water 
table, the other factors to be considered at a later date in order of 
their seeming importance. 

During the latter part of the summer of 1925 areas were se- 
lected in the Mullica River section of the Atlantic County salt 
marsh, bearing the various types of grass and sedge in which 
we are interested. This is an open marsh, periodically swept by 
storm and perigee tides. At the same time areas were selected on 
the Waverly Meadow in Essex County, both on diked sections, 
over which the tide has not swept during the past five years, and on 
open meadow located nearby, similar in nature to that plotted out in 
Atlantic County. The desirable salt grass and rushes are appar- 
ently found only on true salt marsh where a supposedly required 
amount of salt is present. It was to prove or disprove this supposi- 
tion that the first work in this study was undertaken. The Waverly 
section of the Essex marshes afforded a good subject upon which 
to conduct the required tests, as this meadow is a combination of 
diked and undiked areas. 

Originally this entire meadow was undiked and similar in na- 
ture. Information from old residents in the locality assured us 
that prior to the diking of a large section of the marsh about 12 
years ago good salt hay grew in abundance over most of its sur- 
face. Since the construction of the dike, startling changes have 
occurred in vegetative growth on the fenced-in areas, while the 
undiked area offers little or no change. The vegetation at present 
on the diked marsh consists mostly of golden rod and dogweed; the 
undiked, of true salt grass. 

Typical plots were next selected within close proximity of each 
other on both the diked and undiked areas. Soil samples were 
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taken from these places by cutting sods 12 inches wide and 24 
inches deep and slicing off layers at 6, 12 and 18 inches. These were 
analyzed for chlorides, carbonates, sulfates, moisture, organic mat- 
ter content and reaction. At the same time samples of water, col- 
lected in the holes from which the sods had been excavated, were 
analyzed for salt content. All soil analyses made in connection with 
these studies were prepared by Dr. Willem Rudolfs, Biochemest in 
Entomology. The following table shows the condensed results 
obtained, based on dry soil. 


Difference of Salt Content of Soil in Undiked and Diked Plots 


UNDIKED 
| Volume 
Depth | Moisture | Matter | Chlorides | Sulfates Carbon sneimeletes 
inches per cent | per cent | per cent | per cent | per cent | pH | 
RE Ue Soul Bros 0.60 083: 2 pene 
Doe aa 68.0 a7 74) 5.49 1.02 .075 7.4 
LG 2 uberis 72.6 27.4 4.80 1.56 ~ 041 73 
Water | 
sample .. ee ay 1.04 0.03 {002.7 Wagan 
DIKED 
Griyie' bras Bi). Weaedo h 0.37 1.00 004% > eG isg 
j WARS veges 68.7 | 24.7 0.33 2 Apay f :0205) ar ae 
ih pea elon ta bi) ade 31:8 0.42 Lele O07 rane 
Water | | | | | 
_ sample | bit ORAS 0.08 O02: Hexen 


This table will not be discussed in detail here, as it has already 
been so treated by Dr. Rudolfs* in another publication. It will be 
noted, however, that the difference in water table (moisture) in the 
top 6 inches on diked areas is less than half that in the same zone 
on the undiked marsh. 

A comprehensive idea of the amount of common salt present 
(on the basis of chlorides) in the different layers may be obtained 
from the following table: 


Undiked Meadow Diked Meadow 
Gi amechies) 5 Suen eu ee 8.63% 0.58% 
12: inghesiesieawnse eck 8.57% 0.51% 
16 Mees EM ee hy 7.50% 0.61% 
WALEL kt See eee al 1.62% 0.25% 
AVELARE ck kee elie 8.20% 0.58% 


It will be seen from the foregoing table that there is more than 
fourteen times as much salt in the undiked meadow, to the depth 
of 18 inches, than there is in the diked meadow, to the same depth. 
Soil scientists assume that the first 634 inches of soil weigh about 
1,000,000 pounds per acre. This figure is undoubtedly too high for 
these marshes, but on the basis of average organic matter content of 
soils Dr. Rudolfs has calculated that about 9 inches of meadow soil 
weighs approximately the same as 634 inches of garden soil. ‘This 


1Rudolfs, W. Investigations of Mosquito Problems Carried on at the 
New Jersey Agricultural Experiment Station During the Past Year. Thir- 
teenth Ann. Proc. N. J. Mosquito Exter. Assoc. 1926: 33-56. 
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being true the salt content of the first 24 inches would be about 
225,000 pounds, or 112.5 tons per acre, in this undiked meadow, and 
but 16,000 pounds, or 8 tons per acre in this diked area. During the 
course of years that the diked section has been fenced from the 
tides this tremendous amount of salt has been leached out by rain 
water. 

This physical change in the condition of the soil on diked 
meadow is responsible for the effects that have occurred on vegeta- 
tive growth. Desired salt grasses grow best when a certain opti- 
mum of salt is present. When this salt is leached out, so that only 
negligible quantities remain, the salt grasses are replaced by plants 
suitable to the changed, fresher water conditions. If the process of 
leaching is continued for a sufficient length of time, conditions paral- 
lel to fresh water swamps result. 

This leaching of salt also has a pronounced effect on the main- 
tenance cost of mosquito control ditches. If a quantity of water is 
poured over some soil taken from an open marsh, it will be noticed 
that a fine silt is dispersed through the liquid, whereas liquid ob- 
tained from similar tests, conducted with soil of diked marsh, is 
comparatively free. 

This shows that when salt is removed, silt and clay go also. 
The salt acts as a binding material. Along deep ditches the loss of 
salt is much greater in the side walls than in ditches of lesser depth. 
Theoretically, ditches half as deep will lose only half the amount 
of salt and clay, resulting in less bank softening and the correspond- 
ing need of ditch cleaning. 

Summarized, the following definite changes occur on diked 
meadow : 

Change in plant growth. 
Fine sludge deposit in ditches. 


Meadow shrinkage. 
Ditch bank softening. 


mam Soot edo 


While these investigations were being carried on on the diked 
areas, similar studies were made on the Mullica River section, in 
this case on undiked meadow, largely undrained. This investigation 
will be continued. Enough data have been obtained to lead to the 
belief that salt concentration, or the lack of it, is chiefly responsible 
for the marked vegetative changes. 


Ditch Cleaning Machinery 


One of the greatest advances in the methods employed for mos- 
quito control was the development of a self-contained, motorized 
ditch cleaning machine. Prior to the invention of this machine, 
mosquito drainage of salt marsh areas was increasing in footage rap- 
idly to the point where it was becoming impossible to devote funds 
other than toward maintenance. With the machines’ advent the 
maintenance cost has been cut from one-fourth to one-sixth that of 
hand labor, and at the same time far better work has been done. 
At the close of the present fiscal year, 7 of these cleaning machines 
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were at work on the New Jersey salt marshes, ‘being distributed as 
follows: Atlantic County, 3; Cape May County, 1; Middlesex 
County, 1; Ocean County, 1, and Union County, 1. Certain weak- 
nesses have developed from time to time, but these are to be ex- 
pected with newly devised machinery and are rapidly being corrected. 


Ditch Cutting Machinery 


The evolution of ditch cutting machinery on the New Jersey 
salt marshes began with the common spade (pl. 2, fig. 1). Then came 
a special form of spade of the two-man type, designed to take out at 
each stroke a piece of sod the width and depth of the ditch (pl. 3 and 
pl. 2, fig. 2). Use of the ordinary spade involved the services of two 
men, and the use of one of the special types required likewise two 
men, while the other type required the work of three men. 


At least two determined attempts were early made to produce 
motorized ditching machinery, but it was found in practical use that 
these motorized machines had difficulty in competing with the spe- 
cial types of hand spades. 


Then came the development of the plough idea of ditch cutting, 
the beginning of which was the work of Harold I. Eaton. The first 
machine of this type (pl. 2, fig. 3) had a separate power plant placed 
on skids. By means of anchor, cable, and drum, this power plant 
could pull itself from place to place. By means of cable and drum, 
while standing stationary, this power plant could pult a plough from 
its point of location up to itself. This type of salt marsh ditcher 
received extensive use and, although it required the services of a 
number of men, made speed enough to reduce the cost of ditching. 
Unfortunately, with the increasing cost of labor the best it could © 
do was to keep the linear foot price of ditching at the point where 
it was when labor costs began to increase rapidly. Mr. Fred A. 
Reiley devised important modifications of the original plough, sub- 
stituted for the skid power plant a Fordson tractor, and thereby 
materially increased the ability of the machine to cover ground, fur- 
ther serving to meet the increasing cost of labor (pl. 4). 


The New Jersey Experiment Station, after consulting firms that 
were likely to have suitable machinery for the ditch cutting mosquito 
control purposes and finding that not one seemed to have anything 
really suitable, began the development of a salt marsh ditch cutting 
machine. First the ditch cutting unit, consisting of buckets fastened 
on an endless chain was built, tested and modified until it seemed to 
cut a satisfactory ditch at an adequate speed. Then a tractor was 
designed and built, and a cutting unit built along the tested lines was 
constructed and is now in process of attachment. The machine was 
not, to June 30, completed, but the general appearance of it is Shown 
in plate 5.. 
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A. Near and front view of power plant with plow in distance; B. Near and 
rear view of plow showing the ditch and way the sods are disposed of 
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Practical Work of Mosquito Control 
Summarized County Mosquito Accomplishments 
BERGEN 


Considerable activity has been displayed in strengthening salt 
marsh control. New tide gates have been constructed replacing 
worn out gates in Sawmill and Kingsland Creeks on the North Ar- 
lington meadow and in Stump Creck, Lyndhurst meadow. Addi- 
tional drainage outlet ditches have also been cut to facilitate a more 
speedy removal of standing water. Considerable footage of new 
dike was also constructed, particularly on the Little Ferry-Moona- 
chie meadows. 

On the upland, a vast amount of new work has also been ac- 
complished. Many of the counties and municipalities entered into 
contracts with the mosquito commission whereby the cost of drain- 
age was borne equally by both parties. Funds, in addition to the 
regular appropriation, were granted by the Board of Freeholders for 
the drainage of an area located in the vicinity of the;county farm 
at Oradell and extending as far south as Hackensack. With the 
money thus appropriated 8 or 9 miles of ditch, averaging 8 feet in 
width, was redredged by hand labor and the surrounding lowlands 
were freed of standing water. 

In addition to the new work above mentioned, thorough mainte- 
nance of all existing ditching, both on the salt marsh and upland, 
was carried on. During the mosquito breeding season an inspection 
force of sufficient size to patrol the county every 7 days, was en- 
gaged. Mosquito breeding, that could not be eliminated by more 
practical means, was controlled with oil. 

Mosquitoes on the wing were particularly annoying during the 
latter part of July and August in south Bergen, especially in Ruth- 
erford. The trouble, which was caused by faulty, dishonest inspec- 
tion by the local district inspector, was located. The man was im- 
mediately discharged.: It was an unfertunate circumstance, but hap- 
pily not a common one. 

PASSAIC 

The mosquito problem of Passaic, an inland county, is concerned 
solely with the control of fresh water mosquitoes. The two species 
predominating during the past year were Aedes sylvestris (fresh 
water swamp) and Culex pipiens (house mosquito). Since most 
of the county population and taxable values are located in and 
about Passaic, Paterson, and Clifton, most of the funds appropriated 
are spent in these areas. 

The problem of control would be comparatively simple were it 
not for the vast breeding space offered by the lowlands of the Pas- 
saic Valley in the vicinity of Singac and Mountain View, and in 
the polluted Passaic River above the Dundee dam. 

The Commission maintains an extensive inspection and oiling 
program in the protected zone and has succeeded in greatly reducing 
the mosquito nuisance. Such outbreaks as occurred last year were 
occasioned by mosquitoes largely bred in Morris County and in the 
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outskirts of Passaic County not in the protected section. The con- 
ditions that existed last year, however, were foreign and ordinarily 
will not reoccur. 

Hupson 


Several new tide gates have been installed during the past year 
on the salt marsh in Hudson County. A departure from the regu- 
lar procedure has been instituted in their construction. Instead of 
the ordinary wooden gates, iron cylindrical flumes with iron gates, 
called “Calco Gates,” have been used. Although these have not 
yet undergone a severe test, to date they have proved satisfactory 
and are much cheaper and quicker to install than wooden gates. 

Much new ditching and a thorough reconditioning of old drain- 
age systems has also been a feature of the year’s activity both on 
the upland and on the salt marsh. Several large salt meadow areas, 
previously undrained or only partially drained, have been scientifi- 
cally treated and are no longer sources of annoyance. The Penhorn 
Creek area, a large polluted meadow located in Secaucus, and a 
prolific breeder of Culex pipiens, is now in process of being ditched 
and tide gated. 

The Commission has imported several thousand Gambusia pa- 
truelis, top feeding minnows of southern waters, for distribution in 
the ditches of the various meadows. A study is being made of! their 
habits to ascertain whether they will survive the rigid northern 
winter. 

The Hudson County Commission also maintains a large inspec- 
tion and oiling force during the active mosquito breeding season. 
Much of the salt marsh in Hudson County is extremely low, some 
even being below sea level. Although these meadows are generally 
well ditched, diked and tide gated, extraordinary rains permit rapid 
accumulation of water, and it is at this time that a large oiling 
and inspection crew, such as that maintained in Hudson County, is 
needed. 

Essex 


Practically the entire Essex County salt marsh is protected by 
dikes and tide gates and the meadows are most thoroughly ditched. 
The chief problem is the prevention or control of ditch breeding. 
A. large inspection and oiling force is constantly employed for this 
purpose. A daily patrol of all dikes and tide gates is likewise fea- 
tured, practically insuring against a serious mishap arising from 
this source. In the Port Newark section, considerable hydraulic 
filling has been constantly in progress. These operations are thor- 
oughly supervised and a watch is maintained so that the drainage of 
surrounding meadow land is not endangered. 

On the upland, the biggest single bit of construction work was 
carried on the Upper Passaic Valley. Many thousand feet of main 
channel from the Passaic River, the principal drainage outlet, was 
cleared of obstructions and the water given a free flow. A con- 
siderable acreage of neighboring lowland was harnessed with ditch- 
ing, outletting into the Passaic. 
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Unfortunately in the early part of July, 1925, extremely heavy 
rains occurred, especially in the mountain regions of Morris and 
Essex counties. In the present state of this work the abnormal con- 
ditions could not be combatted and a heavy emergence of Aedes 
sylvestris occurred, the effects of which lasted for the better part 
of a month. 

Salt marsh mosquitoes, Aedes cantator, were taken in consid- 
erable numbers in night collections in and about Verona, Bloom- 
field, and Montclair from time to time during the breeding season 
of 1925. These towns are located at a considerable distance from 
the salt marsh, although well within the flight range of the species 
found. This singular occurrence became so pronounced that a state 
inspection was called for and made of all salt marsh areas within 
reach of the infested zone. Several places that might possibly have 
been responsible for the outbreak were found. These are now under 
control and are being watched with interest to note whether a 
similar infestation occurs this year. 

The Essex County commission also maintained a large inspec- 
tion and oiling force for the control of upland breeding mosquitoes 
and has succeeded in obtaining thus far a pleasing measure of con- 
trol. 

UNION 


In the spring of 1925 a motorized, caterpillar ditch cleaning 
machine was purchased for Union County. Because of lack of fa- 
miliarity with its mechanism the operators were unable to obtain 
the results of which this apparatus is capable. This spring, how- 
ever, with the knowledge gained from last year’s experience, the 
machine has been fairly economically and expertly handled. Figures 
obtained from the county commission office show that for the first 
100,000 feet recut, on both long and short ditches, the cost was 
slightly less than one-half of a cent per linear foot. This reduces 
the cost of maintenance to approximately one-fourth of that of hand 
work and is far more satisfactory. It is expected that this cost can 
be still further reduced and should not exceed one-third of a cent 
per foot. 

Considerable dike construction has been done on the North Eliza- 
beth meadow by the commission’s dredging apparatus. On the 
Linden meadow, spur ditching and the filling of salt holes are pro- 
gressing rapidly. 

On the upland the commission is maintaining the extensive drain- 
age systems previously installed. A thorough inspection and oil 
control complete the major part of its field program of the past 
year. 

MIDDLESEX 

With its limited yearly appropriation of $10,000, it is imprac- 
tical to attempt the control of all species of mosquitoes. Since the 
salt marsh types have such a wide flight range, it was deemed 
necessary from the outset of work in this county to eliminate such 
breeding areas first. Therefore, practically all funds derived from 
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county appropriations have been directed to this end. During the 
past year this salt marsh program was practically completed. <A 
ditch cleaning machine was purchased and operated successfully. 
Local municipalities have been enlisted to appropriate funds for 
local campaigns to be spent under the direction of the county com- 
mission. Many municipalities have taken advantage of this offer. 


MoNMOUTH © 

Limited appropriations compel limited measures of control. 
With the funds yearly appropriated by the Board of Freeholders 
the salt marshes have been drained and maintained. Fresh water 
work is carried on in those municipalities furnishing funds for such 
work. The response has been fairly satisfactory. 

During the latter part of the summer of 1925, following a heavy 
storm, the Manasquan Inlet became plugged, causing the waters to 
back up over the nearby lowlands. A considerable infestation of 
mosquitoes resulted in the nearby towns, particularly Manasquan 
and Point Pleasant. 

OcEAN 

The Ocean County Mosquito Commission 1s still continuing its 
policy of expending its entire appropriation for salt marsh work, 
limited appropriations being responsible. Ocean County has prac- 
tically 48,000 acres of salt marsh and most of these must be drained 
to reasonably expect mosquito control. A ditch cleaning machine 
similar to those in Middlesex and Union counties was purchased 
during 1925 and successfully operated. 


| ATLANTIC 

The mosquito problem in Atlantic County is chiefly one concern- 
ing control of salt marsh mosquitoes. There are practically 50,000 
acres of salt marsh in Atlantic County. Practically 9,000,000 feet 
of mosquito drainage ditches have been cut on these marshes with 
many million feet still to be installed as rapidly as funds and time will 
permit. The problem of ditch maintenance is a serious one and to 
aid in its solution three ditch cleaning machines are now engaged 
in this type of work. An idea of the field activity of this com- 
mission during 1925 may be roughly gained by quoting a few figures: 
198,650 feet of 10 by 15 inch ditching was cut by machine; 492,971 
feet of 7 by 18 inch was cut by hand spade; 5,921 salt holes approxi- 
mating 174,074 square feet were filled ; 697,645 feet of 10 inch ditch- 
ing was recut to a depth of 24 inches with the cleaning machine. 

The season of 1925 was particularly difficult for mosquito con- 
trol. Peak conditions existed, favoring mosquito breeding on the 
salt marsh. The combination of first a long dry spell followed by 
a period of heavy rain and the absence of high tides left the meadow 
depressions filled with water, but without the fish that high tides 
bring in. As a result, during the early part of August a large 
brood of Aedes sollicitans emerged and caused considerable dis- 
comfort. The emergence was particularly heavy in the undrained 
Mullica River meadows, although a great many were also incubated 
on the partly drained areas between the Seaview Golf Club and 


EXPERIMENT STATION REPORT 249 


Leeds Point. Migrations covered the wooded sections of the county, 
and in one or two instances reached Atlantic City and lower Abse- 
con Island. At no time during the season, however, did salt marsh 
mosquitoes become troublesome in the central part of Atlantic City. 
Breeding on the drained salt marsh areas was extremely limited 
during the entire season of 1925 and negligible to date this year. An 
inspection force was maintained throughout the summer months to 
check upland breeding. During the year there has been no out- 
breaks, causing general complaint, arising from upland breeding. 


Care May 


Cape May is still another county with an enormous area of salt 
marsh, most of which requires drainage to control mosquito 
breeding. The limited tax ratables of the county prevent large ap- 
propriations and, therefore, the work must proceed slowly. Ap- 
proximately 3,000,000 feet have been cut in the 50,000 acres of 
salt marsh. It is estimated that between eight and nine million 
more will be required to complete control. During the past year 
at the request of the County Chamber of Commerce and the County 
Mosquito Commission a survey was made by the State Experiment 
Station to ascertain the amount of money and work required to 
eliminate salt marsh mosquitoes in Cape May County. Plans for a 
county bond issue are now in progress of formation and it is pos- 
sible that.action in this direction will be taken. 


Municipal Work 
BuRLINGTON CITY AND TOWNSHIP 


Under the auspices of the Burlington Women’s Civic League 
and the Edgewater Park League of Women’s Voters a local cam- 
paign for the control of mosquitoes was carried on during 1925 
and is in progress during the current year. 

As in the past, considerable difficulty was experienced in the con- 
trol of the city sewer beds. These beds breed prolifically, starting 
about June 15, and continue throughout the remainder of the sea- 
son. Various oils and larvicides were applied from time to time in 
an effort to secure a satisfying agent of control. After thorough 
tests it was found that kerosene obtained from the Standard Oil 
Company gave best results. During the height of the breeding 
season of 1925 it became necessary to change inspectors. The new 
man, formerly employed by the Gypsy Moth Bureau, Department 
of Agriculture, proved very satisfactory and has again been em- 
ployed this year. Except for one outbreak occurring during the 
middle of August the mosquito nuisance was greatly reduced, while 
to date this year mosquitoes on the wing have been markedly ab- 
sent. Favorable comment on the campaign being conducted by 
these Women’s Clubs is becoming more and more frequent. Such 
favor is also, in a few instances, taking a concrete form in the 
nature of volunteer funds donated to assist the further carrying 
on of the campaign. 


New Jersey AGRICULTURAL 


250 


009‘ISE€ 4c9gt_ —s- | 00O*6~ — —s«d| B9'9TS°2 =| 000'OF =| 000° pyeR0s‘oce  |000°Szz ehh 1a Se O00 ae oe ease. uoruy) 
+000°002'T | x€b8°TZ0°T ee a tgs : | | 
seeees 008'¢ oa 000°9T 80£‘06 T7s‘tez‘t9e  |£16‘6r2 | 009‘@ZT se SUT potest 
* 
000‘sz cape ee 00°0S2 000°91 85°91 699°891°€E pies TLV 09S =} EL eb? ae eae atk OI) 
* 
82S°28Z oss. $s9‘OL 00°00¢€ 008°4 809°L£ 8rerOr'esT  |000°EZT ZO6OvE | 8LZ‘E "terse. yynouuoy] 
“000° “N0soh Zz" Ov 000‘0 000 e 4 
seseee 000‘01 ‘Oy “LOr‘T I ‘g¢ OrPr9Ih6St |PEee'zor 9ZZ°9ST | 00¢'8 [> a ae “aeeaserp PI 
+000‘2S +000‘0SZ‘T ee a | PPI 
000‘61Z 008'T 000°czT. 00°00S‘2 o00.s9 =|: 06S *Ssz Z8T°ese‘Zz0'l |00z'8S9 98Z°St | 066 ce eS BOSPOPT 
|4000‘S¢ bereet6c 0 |e Waa | 
06699 =|: ¢8£°%z eo | OOZES | OOL'rL . “| BLYeRZ LSUZIOLZL‘T |000°0SZ 009°L2 000°¢ <BEe Sasa 
| *000°699 = |x000‘029 | he Sow | 
000°000‘T eget ) en | : 00ST 9S0°91 0z9*rez‘v9 =: |000°Sb 059°8 866°6h =| Av odes 
* . 
| OeG ty <= acve’s7 = 1 -96r68~- | IT escZ. | O0s"ce TLE‘S/ T6essrtoe  |000°0¢e ple‘rrt | 92¢°8 ee wasieg 
*x0S99ETT |x819 202 I : 2 : | lo00‘0Sp sJewWUNS | 
oo0‘000'2 =| *°°°": BLe°LE7. eae 000‘St gz9‘e9 ~—s- |_ 920°zgs‘9sz |000°88 Surpueis] goz‘ste | pes‘8h [°° OnUeny 
coe eee | .008°S69‘8 | SA4ID SOLID | 
n 2.9 i ry 3 
Be 5 a pag | fe | gee S% Ss ¢ | BE 
Se o o KY ona, @ 90 nO rw Roe Ce Dp rier 
A lee <5 EE} is oy 3 é 
5 29 eg ® ae a es a? syunog 
fad g° g. 5 
paren yn) say MeN suoneridoiddy a ealy 


C261 {0 wospas ayy fo pug ay} 07 Buruuibag ayy moray y40 fy Oymbsopy ays fo yuamayzs «vjngn 


25) 


EXPERIMENT STATION REPORT 


"SZT6L 0} YOM JO Suruurseq 9Y} WOIZ s[e}0} JUaseida1 (,) Ue AQ PaMOT[OJF s]Te19UIN\J—2}0N 


06 oor | | otTON 8128 Oct | 00S°2 000‘09 se Ose foe. (a4 ees ed et 
Mes | SI | suoN | O6I'FI | ore a = ae Porno oo0.;oZ jot o1esseg 
oe oe auON OOL eae 000‘00T 6 OE et ckomne ath) chateue sl einer nee urI_O 
$ 06 auoN | SOF | L68'1 — Tiago 06 OS Gt =e yynow uo, 
‘ea $6 auoN | O€ pa ew aod , SLe‘Stl OT 000‘zS Rite, SSS 2 (PPL 
OOT v8 ouON OS9‘TI 006°9T 7£9‘' “St a oor 009°9 et “ -DOSpnyT 
0g OOT ouON eer'st | 109‘0T on o0s'z mye eye.s OO 180‘0+9 | euial: shewinhotter ye LovieGe xossq 
ae 0S 3 2UON | 8O0L see wee 008°I ols sus a arare. s fale teeeees Kew ade) 
06 C6 09 dUuON 89r‘cl OSS‘T eee 09z'S $2 eeeeee 9¢ C9O8‘ZLI * 2 -a45)5 8 © 6 o* uasi9g 
. oe | s#9°69 LZ see eee [eee ay oueny 
et bs o€ auoN | OSE | | | quay sag | 
n Qun 
fi(ee | ¢ | | sil se | oe | BFE | SE |g 
a a. & a 2 | ie Lo ca mn Seg Se p 
5 f. s = 5 | Ss ais a BoB e358 a 
si a ere: 5 og” Bee Ayunod 
* EA wn 
o SSS: 
SN peursl9 
01}U07 I9puLp ee1 asf eploeaie sojyey) op! 
Pei ha ee | : ees ee 4 | pasa to Jo qunoury Bee a saqorvid 


apa New Jersey AGRICULTURAL 


Mosquitoes of the Year 


During the spring and early summer months, both mosquito 
breeding and mosquitoes on the wing were markedly absent in the 
protected zones. This absence of the pest cannot be attributed 
solely to favorable weather conditions, for observations indicated 
that the unprotected areas were throwing off the usual broods, with 
their attendant discomfort. | 

Starting with the latter part of June, however, weather con- 
ditions underwent a severe change. The rainfall was particularly 
heavy, with the result that the various organizations engaged in 
mosquito control were unable to expand (mostly because of lack 
of emergency funds) to meet the unusual conditions. Every de- 
pression and receptacle, ordinarily dry, became a water holder and 
bred emosquitoes. Even the drained salt marsh areas were not 
immune. Early in the year, many of the ditches had drained dry, 
but with the coming of the rains, sufficient water was held, pooling 
along the bottoms. Mosquito breeding followed. The Upper Pas- 
saic Valley was also hard hit. The Essex County Mosquito Com- 
mission had redug, each year, a great many of the drains in the 
low lying: meadows situated in the valley on both sides of the Pas- 
saic River and had cleaned obstruction from the river bed to fur- 
ther reduce the water level. This work had been of great benefit. 
Unfortunately, however, the Rockaway River, tributary of the Pas- 
saic, which has its headwaters in the mountains to the west, empties 
at practically right angles into the Passaic. Draining as it does 
from the mountainside, its flood waters gained such momentum that 
when entering the Passaic they practically formed a water dam, com- 
pelling the Passaic to back over the surrounding low lands of the 
valley. An enormous brood, mostly Aedes sylvestris, emerged and 
infested the neighboring zone. 

Despite the abnormality of the situation the County Mosquito 
Commissions did yoeman work and succeeded to a large degree in 
keeping down the pest. 

With the disagreeable experience of 1925 in mind, the Commis- 
sions were urged to set aside certain funds in their budgets for 
1926 to permit of an expansion cf working force should the need 
arise. 


Educational Work 


Successfully to combat mosquitoes the general public must be 
educated as to the’ practicability of a campaign, and its economic 
value together with the increased measure of comfort afforded. 
The public must also be informed in the ways in which it may 
help the field workers; such as eliminating man-made breeding 
places and supporting the recognized agencies of control with pub- 
lic sentiment. Such educational propaganda is extensively carried 
on by the various mosquito fighting organizations in New Jersey 
by means of pamphlets, manuals, newspaper articles, lectures, and 
motion pictures. 

The New Jersey Agricultural Experiment Station has strongly 
urged this important feature of control and has taken an active part 
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in it. During the past year lectures and talks were given before 
the following organizations: 
Burlington League of Women Voters 
Burlington Civic Club 
Woodbridge Women’s Club 
Essex Fells Parent Teachers’ Association 
Dover Women’s Club 
Boonton Women’s Club 
Oradell Women’s Club 
South Amboy Rotary Club 
Cranford Women’s Club 
Pompton Lakes Chamber of Commerce 
Irvington Parent Teachers’ Association 
South Bergen Literary Society 
New England Society, South Orange 
Sewaren History Club 

At these lectures and talks, the motion picture reel, entitled 
“Warfare Against the Mosquito in New Jersey,” was shown when- 
ever possible. “Mosquito Manuals” and other printed materials 
were disseminated to aid in pressing home the message. 

Lectures were also given to the sanitary officer’s classes during 
the summer session of the State Board of Health held at Rutgers 
College, New Brunswick, in 1925. 

Newspaper and magazine articles were prepared from time to 
time to keep the public informed. The “American City” printed 
an atticle on practical mosquito work that was far-reaching, since 
this magazine has a wide circulation among city, county, and state 
governing officials. 

A committee was also formed during the past year in the As- 
sociated Executives to revive the radio lectures. 

At the annual meeting of the New Jersey State Mosquito Ex- 
termination Association glowing reports were received from repre- 
sentative speakers of the New Jersey State Federation of Women’s 
Clubs. In the course of the year practically every club had been 
visited by a speaker who had discussed from some angle the mos- 
quito or had distributed literature. 

To date, the 1926 season can truly be called “the best ever.” 
Mosquitoes on the wing have been negligible in the metropolitan 
district and scarcely more prominent in the remainder of the pro- 
tected zone. 

State Inspection 


In July, 1925, a meeting of the metropolitan county mosquito 
executives was called by the field representatives of the Essex County 
Mosquito Extermination Commission to determine the areas respon- 
sible for the breeding of salt marsh mosquitoes caught in night col- 
lections at various inland parts of Essex County. 

As a result of this meeting, the State Experiment Station was 
petitioned to make a survey of the entire salt marsh area located in 
the counties of Bergen, Hudson, Essex and Union, the expense 
incurred to be borne by the aforementioned counties. In order to 
make a quick, and at the same time, thorough sweep, competent in- 
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spectors were borrowed from the Gypsy Moth Bureau of the United 
States Department of Agriculture. These inspectors were directed 
by this Station. 

The inspection revealed defects both in actual drainage work 
and in inspection. These were presented to the mosquito commis- 
sioner in the counties in which they were found. These findings 
were well received and immediate steps taken to remedy the reported 
failings. 

At the request of these counties, the station has employed an in- 
spector for this year for the summer months who is now engaged in 
checking conditions on these marshes. This inspection serves to 
keep the station well informed on existing conditions and give 
the county supervisors a check on their inspectors. It is an impor- 
tant and practical move. 

New Jersey State Federation of Women’s Clubs 

This large, powerful organization has taken a deep interest in 
mosquito control for a number of years and has been a factor in 
the success that has been attained; largely through its publicity 
bureau has assistance been given. There is scarcely a club woman 
in the Federation, numbering about 35,000, who has not been thor- 
oughly informed on the subject. Education of such proportions 
is of inestimable value. Whenever requested, and the requests have 
been many, the station has shown the motion picture reel, “Warfare 
Against the Mosquito.” The Federation has also agreed to conduct 
a state-wide mosquito essay contest in the schools and will award 
prizes to county and state winners. 

New Jersey Mosquto Extermination Association 

The thirteenth Annual Convention of the New Jersey Mosquito 
Extermination Association was held at the Hotel Traymore, Atlan- 
tic City, on February 17, 18 and 19 of this year, and was well 
attended. Men, prominent in mosquito work and other entomologi- 
cal endeavors, presented excellent papers. Among the most promi- 
nent speakers were Dr. L. O. Howard, chief, Bureau of Entomology, 
United States Department of Agriculture; Mr. Arthur Gibson, do- 
minion entomologist, Canada; Mr. Arthur Stringer, assistant direc- 
tor, Gorgas Memorial Institute; and Dr. Frederick Hoffman, chief 
statistician, Prudential Insurance Company. The station was rep- 
resented by Dr. Lipman, Dr. Headlee, Dr. Rudolfs and Mr. Miller. 
The evening session on the eighteenth was broadcast through Station 
WPG, the Municipal Broadcasting Station of Atlantic City. Two 
thousand copies of the proceedings of the meeting were printed 
and distributed among the mosquito commissions, other organiza- 
tions and individuals interested. 

Associated Executives of Mosquito Control in New Jersey 

This organization, which consists of the executives of the county 
mosquito commissions together with representatives of the station, 
has held its usual monthly meetings during the past year. The pur- 
pose of the meetings is to exchange ideas and to confer on common 
problems through the medium of committees or general discussion. 


Report of the Extension Service 
H. J. BAKER 
ADMINISTRATION 


Reorganization Cuts Overhead Cost 


The plan of administration of the Extension Service which was 
put into effect three years ago has finally resulted in changes which 
have reduced the cost of administration and supervision $15,000.00 
a year. The administrative staff has been reduced until at present 
it consists of only a director and two assistant directors. One assis- 
tant director supervises all agricultural work with both adults and 
juniors and one assistant director supervises all home economics 
work with both adults and juniors. Girls’ club work is now assigned 
to the county home demonstration agents who are best qualified to 
conduct this extension activity. This allows the men county club 
agents to devote their full time to boys’ club work for which they 
are especially fitted. This change is a logical development of the 
changed plan of administration. Girls’ club work now requires less 
supervision from the state extension office, and consequently fur- 
ther lowering of overhead cost has resulted. 


Closer Coordination of Extension Activities 


In addition to this reduction in overhead expense, the extension 
work in its several branches is now more closely coordinated and is 
correspondingly more efficient and effective from the standpoint of 
serving the agricultural interests of the state. 


Improvement in Plans of Extension Work 


Progress has been made during the past year in planning the 
work of the extension staff on a more definite and constructive basis. 
More careful planning of extension activities has directed the ex- 
tersion work to the most fundamental problems, has enabled the 
staff to do more work, has reached more people, has resulted in 
more specific and greater accomplishment in building the foundation 
on which the future prosperity of agriculture must rest. 

The progress in reducing the overhead cost of administration 
in coordinating extension activities and in perfecting plans in ex- 
tension work has come as a result of careful study of methods and 
results, and a conscientious, loyal, efficient staff of extension work- 
ers. The morale of -the extension staff has been strengthened and 
built up to a high standard. 


Cooperation in Conducting Extension Work 
The Extension Service in Agriculture and Home Economics is 
conducted cooperatively by the New Jersey Agricultural College 


and Experiment Stations, the United States Department of Agri- 
culture, and the County Boards of Agriculture. 
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The cooperation with the county boards of agriculture and with 
the United States Department of Agriculture has continued har- 
monious. The executive committees of the county boards and the 
county home economics executive committees have held regular 
meetings, in most counties once a month, to advise with the county 
extension agents in conducting their activities. It is the adminis- 
trative policy for the extension director and the assistant directors 
to attend as many of these county extension meetings as possible, 
and during the year several meetings have been attended in each 
county by the administrative officers. The success of extension work 
is in a large measure due to the cooperation of these county exten- 
sion committees with the members of the extension staff in planning 
the county extension activities. 


The Extension Staff 


County extension agents, including agricultural agents, home 
demonstration agents, and boys’ and girls’ club agents, are main- 
tained in the counties with headquarters at the county seat. Eight- 
een counties have agricultural agents, twelve counties have home 
demonstration agents, and ten counties have boys’ and girls’ club 
agents. 

Extension specialists in agriculture and home economics assist 
the county workers. The Extension Service has agricultural spe- 
cialists in dairy, poultry, farm crops, vegetables, fruit, farm man- 
agement, and part time in agricultural engineering and in forestry; 
and home economics specialists in foods, clothing, and home man- 
agement. The extension specialists have headquarters at the Agri- 
cultural College in New Brunswick. 


FARMERS BELIEVE IN EXTENSION WORK 


A survey to find out what farmers think of extension work was 
conducted in 1925, during which 621 farms were visited. Sixty- 
nine per cent, or nearly 7 out of every 10 farmers, believe in the 
Extension Service, and 64 per cent have changed their farm prac 
tices as a result of extension work. Only 3 per cent of the farmers, 
or 3 out of every 100, were opposed to the Extension Service. 


Agriculture 


The following is a statistical summary of the extension activities 
in agriculture for the year 1925: 


15,633 farm visits made during year 
6,124 different farms visited 
1,617 extension meetings held 
73,500 people attended these meetings 
32,813 individual letters written 
12,766 office calls by farmers in relation to their farming problems 
22,022 telephone calls by farmers to county agents 
991 circular letters written 
293,541 total circulation of circular letters 
2,984 news articles written 
315 communities in which extension work was conducted 
922 local leaders assisted in extension work 
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Agricultural extension work in 1925 was conducted mainly in the 
foiiowing branches of farming: 


: Agricultural Engineering 
Drainage 


Farm building construction and rebuilding 
Farm and home sewage disposal 
Care and use of farm machinery 


bse Seale ds 


Farm Crops and Soils 
1. Improvement of varieties and strains 
2. Use of fertilizers 
3. Use of cover crops and green manure 
4. Alfalfa and other legumes 
i Farm Management 
1. Farm accounting 
2. Study of relation of cropping practices to market conditions and crop 
forecasts 
3. Balancing of farm practices to meet conditions 


Forestry 


Care and development of the farm woodlot 
Reforestation of lands unsuited to agriculture 


eS 


Fruit Growing 
Pruning demonstrations with peaches, apples, grapes, and other fruits 
Control of insects and diseases 
Cultural methods and fertilizer demonstrations 
Demonstrations of best varieties 
Spray card service 


Poult 
Breeding panic 


Disease control 
Flock management 
Marketing problems 


mrtg Oa Neihart A ld 


Vegetable Growing 


Soil improvement, fertilizer, and cover crops 
Control of insects and diseases 

Standardization of varieties 

Improvement of marketing conditions 
Improvement or production through seed selection 


HOME MAKERS BELIEVE IN HOME ECONOMICS 


Sixty-four per cent of the home makers are favorable to home 
economics extension work, according to a survey made in 1925. 
As a result of extension teaching 41 per cent of the village homes 
and 15 per cent of the farm homes have adopted improved prac- 
tices in home making. 


oe IN 


Home Economics 
The home economics extension work is devoted to: 


1, Balanced meals for the family and proper feeding of children. This 
means better health. 

2. Clothing problems, which include lessons and demonstrations in making 
dresses and hats, children’s clothing, and selection of material. This 
means economy in the cost of clothing the family and at the same time 
being more appropriately dressed. 

3. Home management, including organizing the household tasks for great- 
est economy of time and effort, renovating floors and furniture, proper 
heights of tables and sinks, and best arrangement of the kitchen—a 
workshop of the home—to save labor, and installation of labor-saving 
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devices. This is applying the same good management practices to 
the problems of running the home as are applied to successful man- 
agement of the farming business. 


The records of home economics extension activities in 1925 are 
as follows: 


269 communities carried on a home economics program 
1,007 communities participated in home economics extension work 
1 298 women acted as community leaders in helping extend this information 
2,642 home visits were made by home demonstration agents 
15.772 individual letters written 
275 training meetings for leaders were held by extension specialists 
2,220 women attended these meetings 
2,170 extension meetings were held 
48,574 women attended these meetings 


The different activities of the Extension Service in home eco- 
nomics include the following: 


Clothing 


Dress construction; the use of the sewing machine 

Use of commercial patterns; their alterations and the making of 
permanent patterns 

Dress design 

Millinery and hat trimmings 


Foods 


Food selection and preparation for health 
Food studies for mothers of small children 
Preservation and use of home-grown foods for the family diet 


wees 


= 69 
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Home Management 


Kitchen arrangement and equipment 

Floors, floor coverings, and renovation of furniture 
Lighting and ventilation 

Organizing household tasks for efficiency and health 


RON 


There are 1,298 local women who cooperate with the county 
home demonstration agents and the home economics extension spe- 
cialists in spreading the extension teaching in their respective com- 
munities. They attended training classes conducted by the home 
economics specialists and assisted the county home demonstration 
agents in holding meetings, in answering personal inquiries, and in 
conducting demonstrations. The local leaders devoted, on an aver- 
age, 10 days’ time to extension work during the year. This has been 
a tnost valuable contribution to their communities and has enabled 
the extension workers to reach thousands of homes which other- 
wise would not have been served. 


BOYS’ AND GIRLS’ CLUB WORK 


The Extension Service conducts work with young people in agri- 
culture and home economics. These clubs include raising dairy 
calves, swine, poultry, gardens, vegetables, crops, sewing, canning 
food, cooking, preparing and serving meals, making their own 
clothes, and personal health. . 
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The following is a summary of the boys’ and girls’ club work for 


1925: 
17 counties conducted boys’ and girls’ club work © 
270 total number of clubs 
3,450 total enrollment 
1,048 meetings held 
17,192 people attended these meetings 
235 local leaders assisted in junior work 
6,095 farm visits made by county club agents 
1,816 different farms visited 
7,637 individual letters written 
981 office calls 
3,140 telephone calls 


All the boys’ and girls’ clubs have local leaders who are inter- 
ested in helping the young people of their communities, and as a 
rule each club has monthly meetings. The local leaders contribute 
their services, attend the club meetings, and give encouragement and 
help to the individual boys and girls in carrying out their projects. 

The following is a classified list of clubs with the enrollment: 


Number of Clubs Kind of Club Enrollment 
SL Dairy Husbandry 361 
40 Poultry Husbandry 381 
12 Swine Husbandry 51 
2 Fruit Growing 12 
11 Vegetable Growing 106 
Farm Accounting and Management y. 
8 Corn (seed) 137 
Enrollment 
Number of Clubs Clothing Home Management Food Preparation 
166 1500 oul 434 


GENERAL ACTIVITIES 
Agricultural Program 


The Extension Service, the Experiment Station, the State De- 
partment of Agriculture, the State Commission on Conservation 
and Development, the State Federation of County Boards of Agri- 
culture, and the State Grange are cooperating in a study to out- 
line an agricultural policy for the State of New Jersey, looking to_ 
the future development of a profitable farming business and mak- 
ing the greatest possible contribution to the food supply of the 
state. This study has been going on for about a year, and prelimi- 
nary reports are being prepared. 


Agricultural Conferences 
Bankers’ Convention 


A convention of bankers interested especially in agriculture was 
held in December at the Agricultural College. The program con- 
sisted of a discussion of experimental work, extension activities, and 
consideration of an active program for the bankers in cooperation 
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with the Extension Service. The bankers’ agricultural program for 
1925 was as follows: 


1. Better quality dairy stock. 
2. Encourage farmers to buy on cash basis. } 
3. Encourage farmers to get their farm mortgages on long-term credit 
basis on amortization plan—Federal Land Bank or Joint Stock Land 
Bank loans. : 
4. Encourage cooperative organization on economic basis and sound busi- 
ness management. : 
Endorsement and encouragement of boys’ and girls’ club work in agri- 
culture and home economics conducted by the Extension Service of 
the State Agricultural College. 
6. Farm accounts. 


ol 


In the spring of 1925 the chairman of the Agricultural Commit- 
tee of the State Bankers’ Association and the director of the Ex- 
tension Service visited sixteen counties for conference with bankers 
and county agents for the purpose of developing closer cooperation 
between bankers and the county extension agents. 


Feed Dealers’ Conference 


The feed men of New Jersey have held three annual conferences 
at the New Jersey Agricultural College. The Extension Service has 
assisted in organizing these conferences, believing that by conduct- 
ing an educational program of benefit to those who supply feed to 
farmers, a valuable, though indirect, service to agriculture is being 
rendered. Those engaged in business allied to agriculture are ren- 
dering a real service to farmers, and the more efficient their service, 
the better for agricultural prosperity. In 1925, 168 feed dealers 
attended the annual conference. 


Boys’ and Girls’ Encampment 


An annual encampment of boys and girls in club work has been 
held at the Agricultural College for years. In June, 1925, there 
were 244 in attendance for the 3-day period. This encampment is 
a reward for those who have done successful club work. The pro- 
gram is educational and it also acquaints the boys and girls with 
Rutgers University, especially the Agricultural College and the Col- 
lege for Women. This initimate acquaintanceship with the Uni- 
versity enables the boys and girls to decided more wisely whether 
they wish to pursue further study by getting a college education. 


Exhibits 


The Extension Service cooperated with the Trenton Fair by 
making exhibits of boys’ and girls’ club work in agriculture and 
home economics. In 1925, this exhibit included 146 dairy calves, 
192 swine, 339 head of poultry, and exhibits in foods, clothing, and 
home management. The boys and girls in club work conducted 
demonstrations at the fair. The legislature of 1925 made an ap- 
propriation of $10,000 for two buildings at the Trenton Fair grounds 
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for the boys’ and girls’ club exhibits. These buildings are 30 by 200 
feet and 36 by 100 feet respectively. In addition to these build- 
ings a tent was provided for the poultry and swine exhibits. It is 
not too much to say that this exhibit of the boys’ and girls’ club 
work is one cf the best exhibits at the fair. The livestock exhibited 
at the Trenton Fair in 1925 by boys and girls in club work took 
$1,135.50 in prizes. The dairy club animals at the National Dairy 
Show took first with the Holstein herd; first with the Guernsey 
herd; first with the Jersey herd; first in showmanship. Eight states 
were in competition, including the best dairy states in the country. 


FINANCES 


The Extension Service is financed by apprepriations from the 
state; the Federal Smith-Lever extension appropriations; appropri- 
ations from the United States Department of Agriculture; and ap- 
propriations Ly the County Boards of Freeholders. 


COOPERATION OF FARMERS’ ORGANIZATIONS 


The farmers’ organizations of the state are loyal supporters of 
the Extension Service and many extension activities are conducted 
cooperatively with the several organizations. This cooperative 
spirit is mutually advantageous and especially makes more efficient 
the efforts of the Extension Service. 


Report of the Division of Horticulture 
M. A. BLAKE 


The year July, 1925, to July, 1926, was marked by progress in 
horticultural research, particularly in peach breeding. ‘The latter 
project has now reached a point where marked results are likely to 
be forthcoming every year. Apple pollination studies were taken 
up as a new field of investigation and valuable information was 
obtained the first season. Progress has been made in cultural. work 
with strawberries. The source of plants and their early setting 
have proved to be important factors in securing a good stand of 
vigorous plants. The appointment of Dr. G. T. Nightingale to the 
staff on October 1 will enable the division to conduct some much 
needed work ef a biochemical and plant physiological character. 

The plant-food investigations with asparagus, sweet potatoes, 
tomatoes, carrots, celery, cauliflower, and peppers have now been 
continued for several seasons and are giving consistent results. 

As special demands are being made upon the division for more 
research with ornamental plants, this work is gradually being ex- 
tended. 


Fiftieth Anniversary Meeting of the New Jersey State 
Horticultural Society 


The New Jersey State Horticultural Society was organized at 
Geological Hall, Rutgers College, August 17, 1875. On August 
17, 1925, the society held in the same room and building a celebration 
of the fiftieth anniversary of its organization.? 

This meeting is briefly mentioned here because the society takes 
such an intimate interest in the investigational work of the division 
of horticulture and results of investigations are presented at its 
sessions and in its publications. 


Second Shipment of Peaches to New Zealand 


On November 23, 1925, another shipment of station seedling 
peaches was started on its journey to Auckland (New Zealand), for 
a test upon the grounds of Mr. H. R. Wright. The list of those 
sent is as follows: 2 Buttercup, 2 Cumberland, 2 Delicious, 2 Prim- 
rose, 2 Radiance and 2 Rosebud. Mr. Wright reported in Febru- 
ary that, although the trees were in transit for an exceptionally long 
period, all were in good condition and would. grow. 


Split-Pit Peaches 
Freestones Preferred—Consumers in the cities and towns along the Atlantic 
seaboard have a decided preference for freestone peaches or those varieties 
whose flesh may be readily parted from the stone or pit, when the fruit is 
mature. A ripe peach may be eaten with more satisfaction and enjoyment if 


1A detailed account of the event is printed in the Horticultural News for 
August, 1925, pages 119 to 126. 
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it can be broken in halves and the stone easily removed. Even the very ap- 
pearance of the flesh as it breaks from the pit freely is enticing. Freestone 
peaches can also be sliced and prepared more readily tor the table than <ling- 
stones. A freestone peach whose pit splits apart so that it is necessary to re- 
move each half from the flesh is not nearly so objectionable as a clingstone, 
but peaches that have split-pits are a disadvantage. In the case of the most 
advanced forms of split-pit, the fruits are abnormal in form, are likely to 
ripen a few days in advance of normal fruits, do not pack and ship so well, 
and are not liked by consumers. -The Pacific Coast canners of clingstone 
peaches object to using them; in fact, they niust be separated out from the vest 
grade of peaches for canning. B. E. Maynard, of San José, California, reports 
percentages of split-pits on Tuscan Cling peaches ranging from 3.23 to 43.24 
per cent on different fertilizer plots. Split-pit specimens are excluded from 
packs of peaches intended for export from New Zealand and South Africa. 

Nature of the Injury—In pronounced cases of split-pit, the two halves of 
the stone have separated along the suture lines and the kernels act as ia the 
case of germination. The separation may be partial or complete, and callus 
may form along the cleft or break in an attempt to knit or unite the divided 
parts. The embryo or embryos inside the stone often show an advanced srate 
of development, sometimes even having sprouted when the fruit is ripe. Al! 
degrees of so-called split-pit symptoms may be found on a tree. In the more 
advanced cases the pit is so enlarged in one diameter as to make the form of 
the fruit easily recognized. In the less advanced cases the pit is broader 
along one suture than normal and the fruit is not so much off type as where 
the pit is actually cracked open. Mature fruits in pronounced cases of split-pit 
are thicker than normal fruits, or in other words, are overdeveloped in the 
cheek to cheek diameter. Frequently, the two halves of such fruits are so 
enlarged that the suture lines appear to constrict the fruit. The suture 
diameter of the fruit is less in proportion to the cheek to cheek diameter than 
in the case of normal fruits. 

Dimension Ratios of Normal and Abnormal Specimens.—lfi we consider the 
length of the fruit of a peach as a unit, and figure the suture diameter and 
the cheek to cheek diameter in relation to the length we establish what might 
be termed a dimension ratio; for example, in the case of a very small fruit, 
if it had a length of 1 inch, a suture diameter of 0.75 inch, and a cheek toa 
cheek diameter of 0.50 inch, the dimension ratio would be 1-.75-.50. The normal 
specimen of Delicious peach illustrated in figure 1 had a dimension ratio at 
maturity of 1-1.03-1.03, while the dimension ratio of the split-pit specimen was 
1-.97-1.17. Varieties of peaches that tend to be oval in shape, such as Elberta 
and Belle, are not so wide and thick in proportion to their length as the so-called 
“round” peaches. For example, two nornial specimens of Elberta at New 
Brunswick, N. J., in 1925, had the following dimension ratios at maturity: 
1-.97-.87 and 1-.92-.88, while a typical split-pit specimen of Elberta had a 
dimension ratio of 1-.94-.98, showing that it was relatively larger in the cheek 
to cheek diameter than normal specimens. 

Cause of Split-Pit—It has been observed at the New Jersey Station that 
split-pit specimens commonly occur upon vigorous trees that have been girdled 
partially by winter injury, borers, or some other factor which interferes with 
the downward movement of the elaborated food. In other words, they are 
what is termed today as high-carbohydrate trees, but with considerable vigor. 
Trees may be relatively high in carbohydrates but so weak in general vigor 
that the fruits are small, and in such cases split-pits may not appear. Split-pits 
are also found upon individual branches and twigs that are injured or affected 
in a manner which interferes with the downward movement of the food. 

When Does Split-Pit Occur?—Careful measurements of the rate of develop- 
ment of Elberta peaches in three dimensions secured at New Brunswick, N. J. 
1925, showed that split-pit specimens were relatively larger in the cheek to 
cheek diameter than normal specimens as early as late June as may be noted 
from the figures in table 1. On July 13, 1926, an Elberta peach from a girdled 
tree at Dayton, N. J., showed the following dimensions when measured: length 
1.76, suture diameter 1.53, and cheek diameter 1.47 inches or a dimension ratio 


1Better Crops, for February, 1926, pages 57-58. 
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Fic. 3. (Lerr) Norma Pir. (RicHt) TENDENCY 
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(Facing page 264) 
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Fig. 25°) (Lerp)~Sprit-bir. Peacn. (RicHT) NorMAL SPECIMEN. 
Both are of the Variety Delicious 
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of 1-.87-.835. The pit at that time with some effort could be cut through with 
a knife. A cross section showed that the two halves of the pit were beginning 
to separate along the line of the deepest part of the suture. Specimens of tne 
J. H. Hale peach from a partially girdied tree at Middletown, N. J., were 
gathered on July 17, while the pits could still be whittled through and various 
degrees of splitting of the pits were clearly demonstrated in the cross sections. 
In other words, the forcing effect of the large food supply made available to 
the fruit takes place early in the season, befcre the pits have become hardened. 
Split-pit peaches are, therefore, the result of nutritional conditions in the tree 
early in the season. The largest fruits are the ones most commonly affected 
lf the pits are normal until they have become thoroughly hardened, there will 
be no split-pits. 

Excess Rainfall Not Responsible-—The cause of a large number of split-pit 
fruits at maturity is sometimes said to be an excess of rainfall just previous 
to the maturity of the fruit. Such can hardly be the case. Split-pit specimens 
may attain a larger size, the flesh may be more watery, and the fruits less 
desirable if the weather just before the maturity of the fruit is wet rather 
than dry. 

Can Split-Pit be Controlled or Prevented?—Where peach trees are kept 
growing normally, so that an excess of carbohydrates and other foods is not 
sent into the fruits, there should be a very small percentage of split-pits. It 
the trees tend to become checked in growth by winter injury or other factors. 
stimulation by means of available plant-foods may help to overcome the diff- 
culty. In the east, however, injury or checks which are sufficient to cause 
split-pit fruits are usually of such a nature that applications of plant-food, 
especially nitrogen, may not modify growth sufficiently to change the nutritive 
status in the tree to a degree that will prevent split-pits, in any one season. 
If the trees can be gradually brought to a normal nutritional condition by 
tillage and applications of plant-food the tendency toward production of split- 
pit may be overcome. 


Rate of Growth of Individual Fruits of the Peach 


The season of 1921 was one of the earliest ever experienced at New Bruns- 
wick since horticultural records have been kept. Peaches began blooming the 
last few days of March instead of from the latter part of April to the first of 
May, which is usually the case. 

' Mr. C. H. Connors took measurements of the rate of growth of the fruits 


TABLE 1 


Ratios of the Three Dimensions of Two Normal Specimens and One 
Split-Pit Specimen of Elberta Peaches, New Brunswick, N. J., 1925 


Series I. Twig 3 Series III. Twig 5 | Series III. Twig 4 


Hate Fruit 6_ Fruit 4 Fruit 1 
Normal Specimen Normal Specimen | Split-Pit Specimen 
JIMeRA Se | 1- .81- .64 l- .77- .67 | 1- .83- .69 
June. 1- .82- .69 1- .80- .70 1- .83- .70 
Junepesore tt | 1- .83- .68 1- .82- .73 1- .84- .73 
J 1IE See Bes os 1- .84- .70 1- .82- .75 1- .84- .74 
JilyeenOe oe | 1- .84- .74 1- .81- .74 | 1- .86- .76 
Jubyzse 6. | 1- .87- .75 1- .83- .77 1- .87- .79 
julyeZseeee: | 1- .88- .78 1- .84- .78 1- .89- .80 
Aree ot} | 1- .90- .82 1- .90- .84 1- .91- .87 
Augsallew ace 1- .91- .81 1- .88- .83 1- .89- .88 
Aug, 1920 e2 | 1- .93- .85 1- .93- .85 1- .94- .94 
Alisa 24 eee | 1- .99- .87 1- .92- .84 1- .92- .94 
Algy Sia cane | 1- .96- .89 1- .90- .85 | 1- .94- .96 
Auge 296.468 | 1- .97- .88 1- .92- .87 | 1- .94- .98 
Sept) Leased we | 1- .97- .87 | 1- .92- .88 | 1- .94- .98 
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of several varieties of peaches in three dimensions during that exceptional 
season. The drop of fruit was heavy and the number of typical fruits which 
might have been averaged was small, but the data have been compiled upon a 
few typical individual fruits and it is believed that they fairly represent the 
rate and nature of the development of growth of typical fruits of the variety 
during the season of 1921 at New Brunswick. 


These data are from the original notes taken by Mr. C. H. Connors. 


Blooming Dates of Peaches—New Brunswick 
March and April—Season 1921 


Variety . Date First Bloom Date Full Bloom 
PAE Ds sonlcca kD wan nae ak once Aprils2 as 
Belle, 2F3 cede. Oa aie e A 1 March 28 5 
Carinany 2i 0 Gale er eaee oreo March 28 6 
Early< Wheeler. 02 oss seers ae April 2 5 
E.lbeeta' Acree a tn orcs eee March 27 5 
FOSter an: {sai amanriiare Cities be pea March 28 4 
GreetishOre2y i an PI April 2 6 
Hiley. 24s See eit ol oa eee March 28 5 
Ero: Moupitain@) a1 ie ene te Aprils 3 6 
Japan’ Dieamitvn so. ee ae March 27 Me 
Ts SEL alee, Sesh ako ios ate es oe March 28 Gi 
Keuminel ) Ge ust ee te oe April. 3 6 
ala. MOGs JA ie ener tara April ins Et 
SE GOR: Tees Rete sates Wena hee April 2 4 
Bangert’s Weetul iin eis March 28 6 


Individual buds were not tagged and the fruit of each was not followed 
through to maturity, but individual fruits were selected, tagged, and measured, 
beginning at a very early stage. The approximate date of the bloom of the 
individual fruits is also known, so that the number of days from bloom to any 
given date of measurement is approximately correct. 


Rate of Growth of One Elberta Fruit 


The date of bloom of this fruit was estimated to be March 30 and the days 
irom bloom to the various dates of measurement are figured upon this basis. 
It is of interest to note that even in the very early blooming season of 1921 the 
fruit of Elberta attained its most rapid rate of growth from about the middle 
to the latter part of May as it usually does. 


Rate of Growth of J. H. Hale Fruits 


The growth meaurements were also determined for two J. H. Hale fruits, 
number 1 and number 2. The date of bloom of fruit number 1 is estimated as 
March 29 and of number 2 as March 30. Both were large fruits which attained 
a cheek diameter of more than 3 inches at maturity. By comparison with the 
dimension ratios of the Elberta fruit it will be noted that the J. H. Hale is 
more round even at an early date. 


Some Carman fruits were also measured during the season of 1921, and 
the data upon 4 different fruits are published here. The blooming date of 
fruits numbers 1, 2, and 4 is considered to be March 29, and of fruit number 3, 
April 1. 

Carman, when well developed, may be classed as a round peach. In some 
seasons like that of 1925 at New Brunswick the fruits may be round oblate. 
Of the 4 fruits measured in 1925, number 2 is the more oval. Carman made 
a rapid growth from May 16 to 24 and for the last 10 to 15 days before 
maturity. 
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TABLE 3 
Rate of Growth of Carman—Season 1921 
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Peach Breeding—Project 4 
Technical Phase 
C. H. Connors 


During the season of 1925, a few of the seedlings set in 1921 
and 1922 bore fruit. 

Of particular interest from the plant-breeding standpoint were 
10 self-pollinated seedlings of Eclipse (which is 6714—Belle self- 
pollinated). Eclipse is a yellow freestone ripening about with Hiley. 
These seedlings were all yellow, of the same shape as the parent, 
and of about the same season of ripening, the range being a week 
before Eclipse to 4 days after. The trees were all similar to the 
parent. The quality of most of them was about the same as that 
of the parent. One seedling, practically identical with the parent 
but ripening one week earlier, was given an introduction number. 


This is a good type of segregation for such a genetically hetero- 
zygous individual as a peach variety. 


Of the others that fruited for the first time, one, of unknown 
direct parentage, was outstanding. This is an open-pollinated seed- 
ling of one of the seedlings resulting from Elberta x Greensboro, 
The individual was yellow fleshed, of good size and quality, free- 
stone, and ripened about with Carman. If it fulfils its promise, it 
will be named Golden Jubilee, in honor of that anniversary of the 
New Jersey State Horticultural Society, which was celebrated at 
New Brunswick at the ripening period of this fruit. 


The breeding work undertaken in the spring of 1926 was some- 
what more limited than has been the case for the past few years. 
Crosses were made on J. H. Hale, as follows: 


J. H. Hale x 25416 (ECxA) 

. Hale x 32816 (40C-S) 

. Hale x 36515 (Primrose) 

. Hale x Almond 
eitaleexel13115°(B:-s-p) 
Hale x Japan Dwarf Blood 
. Hale x Goldmine nectarine. 


Sass 
asparfastaspasfsfar 


° 


A total of 3,547 blossoms of J. H. Hale were pollinated by 
hand. 

Crosses were made with the expectation of securing a dwarf 
peach. The seed parent is a semi-dwarf seedling of Elberta self- 
pollinated. On this were crossed: Double Pink flowered variety, 
ipa Dwarf Blood, almond. A total of 772 blossoms were pol- 
inated. 


There is a decided demand now for varieties ripening one week 
to three weeks later than Elberta. The difficulty encountered is 
the lack of a suitable yellow sort for the seed parent. Because of 
this lack, Iron Mountain, which is very hardy and of good quality, 
was used this year, and on it were crossed 1515, a late maturing 
seedling of Elberta; 113115, a seedling of Belle self-pollinated ; 
13621, a seedling of a seedling of Elberta x Greensboro; 1522, a 
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heterozygous seedling of Elberta x Iron Mountain; a yellow seed- 
ling are about November 15, secured from D. F, Gaunt, Pauls- 
boro, N. J. A total of 750 pollinations were made on these trees. 

Further genetic studies were undertaken in interspecific and in- 
terform crosses. Among those attempted were crosses between the 
peach (Amygdalus persica) and the almond (Amygdalus com- 
munis). This cross has been made elsewhere. The pollen of the 
almond was furnished by Mr. William Hann, of New Brunswick. 
Crosses of peach and nectarine were also made, using the Goldmine 
nectarine, a variety introduced into this country from New Zealand 
by the Office of Foreign Seed and Plant Introduction of the Bu- 
reau of Plant Industry, United States Department of Agriculture. 
On this were crossed almond; 113115, a seedling of Belle, self-pol- 
linated which has scanty pubescence; 6/14 (Eclipse); a seedling 
of Lola, which is almost a nectarine. The number of blossoms pol- 
linated was 1,882. Goldmine was used as pollen parent on J. H. 
Hale. 

The history of fruit varieties is usually hazy. In ‘Peaches of 
New York,” the statement is made that Elberta and Belle are seed- 
lings of Chinese Cling and the pollen parents are probably Early 
Crawford and Oldmixon, respectively. To test this, the crosses 
Chinese Cling with Early Crawford and Chinese Cling with Old- 
mixon were made this year. The number of blossoms pollinated 
was 2,629. 

The total pollinations made on all trees was 9,580. 


Seedlings in the Nursery 
As a result of breeding work in 1925, there are now growing in 
the nursery 1,790 seedlings, as follows: 


JH, Halex 6714" (Eclipse): 20 ates be ce oe fag WS 
Jd, “Halex: 91215- (Delicious ).7 a2... ada be ee 232 
J. Ez. Hale x325916. ( Sanbeam) aera eee ee 240 
J. TH. Haleex' 26016 4-Oriole), io ssi aieean e chiee een 237; 
J. H.. Halex? 28216 \(lassasoit)jc4 5; cals beeen eae ee 184 
J. A Hate oe 30016 Wit oSeD le ide te aie Ce ue ot ee 120 
J. H.. Halex 30716" GRosebud ). :co5 tease vd eee eee 186 
J). H. Halesx42216;-(Goldinach)y 7 Ae ie ea ee oe 172 
J. JAS Halesas itis. Cialis sx. as | eee ria ae Oh eee 143 
J. H. Hale * Amyegdalus kansuensis SPI 040001 .~. .2 asi 8e 20 
J: Hi Hale x Amyedaluskansuensis SP1930428—) eee 5 
Chinese: Cling s°Harly Crawford > 2.242 aus ee ee 14 
Chinese Cling x Oldmixem: :,.\.c0.4. s oneeae ene: een ee 3 
Chinesé; Cling ‘self-pollinated <5. Jie. 2% eos (ha eee ee 1 
Tron.;Mountain-self-pollinated. 0h 33 Aa ee ee 6 
Tron, Mountain x “Hills, Chility:.2 0 oy cenlsukeaie eae D 
Tron. Motntain -x.1515. Bs-p.) ieee ie ee 1 
Intermediate dwart' Elberta is-pin.. 0 9) ee 6 
Intermediate dwarf Elberta x Japan Dwarf Blood .......... 3 

Totalos ctu ae ore Ei ee ee 1790 


The Station Collection of Peach Species, Varieties and Types 

The horticultural division now has growing upon its grounds 
at New Brunswick what is regarded as the largest and most com- 
plete collection of peach species, varieties, and types to be found 
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anywhere in the world. Larger collections of so-called standard va- 
rieties have been assembled in the past and there may be some under 
cultivation today that exceed the one at New Brunswick. At this 
station, however, no attempt is being made to assemble merely a 
great collection of commercial varieties. The plan is to bring to- 
gether all the species and variations of the peach in order thoroughly 
to study its characters and to make use of any that may be of value 
in the breeding work. The New Brunswick collection contains 29 
species and types; 41 varieties, mostly introduced from distant coun- 
tries by the United States Bureau of Plant Industry; 116 standard 
varieties, 123 selected seedlings from previous breeding work; and 
other varieties and nectarines, making a total of 334 species, types. 
and varieties in the collection on July 1, 1926. 

In addition, there are growing upon the grounds approximately 
3,500 trees from recent breeding work. Some of these have green 
fruits upon them which will mature this season. 

The complete list of the species, varieties and types now being 
erown follows: 

Commercial Varieties of Peaches 


Anna Gold Drop National 

Arp Gold Medal Niagara 
Augbert Gordon Oldmixon 
Barbara Greensboro Oldmixon Free 
Belle Hauss Orleans 

Beers Smock Heath Palora 

Ben Munson Hiley Paragon 

Berks Favorite Hill Chili Peake 
Bilmeyer Imperial Peen-to 
Bowers September Ingold Phillips 
Brackett Iron Mountain Ray 
Brandywine Japan Dwarf Blood Reeves 
Carman Jennie Worthen Roberta 
Chairs Choice J. H. Hale Rochester 
Champion Kalamazoo Salberta 
Chinese Cling Kathryn Salway 
Columbia Katie Santa Claus 
Connets Krummel Sellers Orange 
Crosby Late Crawford Slappey 

Dailey Late (Rex) Elberta Sleeper Dwarf 
Dewey Leamington South Haven 
Dr. Wooster Lemon Cling Stearn Salway. 
Dulce Lemon Free Stevens , 
Early Crawford Leona St. John 

Early Elberta Liberty Strawberry 
Early Rose Lizzie Stump 

Early Wheeler Lockwood Tarbell 
Elberta Lola Tena 

Estella Longhina Tennessee Everbearing 
Eureka L’Thorn Miller Tossetti 

Fay Elberta Lubler Triumph 
Fitzgerald Marquette Tuscan 
Florence Mayflower Valiant 

Foster McDevitt Vanity 

Fox Mikado Vidette 
Frances Miller Late Wilma 

Frank Morford Winter 
Frederick Morris White Woodlawn Golden 


George IV 


Mountain Rose 
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Peach Species, Varieties and Types 


INTRODUCED BY THE OFFICE OF FoREIGN SEED AND PLANT INTRODUCTION OF THE 
BurEAU OF PLANT INDUSTRY, UNITED STATES DEPARTMENT OF AGRICULTURE 


Amygdalus davidiana 


Muir’s. Perfection (N.Z.).SPI 


Amygdalus kansuensis ...SPI 39428 Osprey Improved (N.Z.).SPI 
Amyedalus kansuensis ...SPI 40001 Paragon (N.Z.) <...0.5e0oe = 
BM IN 2: 2 e's eter SPI 43124 Pomona Improved 
Peasore: (Chili) sae SPI 57688 CNIS. IW oes is oc eo ae SPI 
Bennett’s Perfection...... SPI 57912 Pomona Majorada 
Bloed Peach (China)... 2S Bi aGs17 CGhithy asics daw ee eee SPI 
Bolivian Clingstone...... SPI 36126: . Reina Elena (Chili), 23e= 
Bolivian Cling x Quetta Rey Alberto (Chili) ..... be 
Nect, erga eels SPI -61302) Shalt (Chitia’) |. We eee SPI 
Bresquella (Spain) ...... SPI 43569 Shipper Cling (N.Z.)....SPI 
Eagles Beak, seedling of Sutter Creek (Chico) ...SPI 
(Chima)i uel oee ee ee SPI 43289 Tardio Amarillo sdlg 
Eagles Beak, seedling of (Spain), ..7.) eee Sit 
(China). 2..2349.0e eee SPI 432900 Tardio Amarillo sdlg 
Fels (Ching, sneer PI 38178 (Spain)... seems SPI 
Golden Prolific (N.S.W.) SPI 57914 Transparente (Chili) ....SPI 
Goodman’s Choice Up-to-date (N.Z.) <i bh aii 
CNiS Wed ee. SPI 55549 Vainqueur (Spain) ......SPI 
Ice: Cream (IN ate ess SPI 43126 Watt Early (N.S.W.)ege2e 
Ideal (NZ eee SPI 43127. White Cling (N.S.W.)...SPI 
Izquierdo (Spain) ...... SPI 57686. Peach,.China-*...2300eem SPE 
Izquierdo, Sel.;2 (Chili).SPI 57687 Peach, China Wyoweees SPI 
Late Champion (N/Z.)...SPI 43120 Peach;(China 7.54.20" SPI 
Lippiatt’s Late Red Peach, Dwarf. (China) dasms 
IN GGUS erm fg x oka SPI 43130 Peach (Spain) 32.5: SPI 
Lord airenener ries, ks SPI) 57915... :Péach,: (Spain): 4.00000 SP} 
Mexican Peach ......... SPI. 32373.  Peach<(Turkestan) "oe SRE 
Motion Cling (N.Z.).....SPI 43132. Peach (Chico, Cal.) 723oiee 
Nectarines 
CoMMERCIAL VARIETIES 
Bangert (Elberta Seedling) New White 
Hunter Victory 
IntRopuUcED By SPI 
Ansenne CN Z) pois ea SPI 43139 Muir’s Seedling (NZ)...SPI 
CrGsby) 1.c cc peste eee eae SPI 17777. \..New. pov; (NZ). &.eoee SPI 
Diamond Jubilee ........ SPI ° 43130" Quettay india)... see SPI 
CrOhIMING . iMacs eeu SPI. 4314) Sure Crop (NZ). SEL 
Lippiatt’s Late Orange....SPI 43142 Nectarine (Turkestan) ..SPI 


Almonds (Amygdalus Communis) 


Del Desmayo (Spain)....SPI 33218 


Hard shell sweet . 


Peach Types, Collected 


Albino 

Purple Leaf 

Purple Stem 

Red Stem 

Elberta Freak Dwarf 


Double flowering, white, 
pink 
red 
Peachmond (Mexico) 
Elberta Freak Intermediate 


A. platycarpa, Australian saucer peach. 


43133 
43134 
43135 


55487 


57689 
57690 
57691 
36485 
43136 
36125 


55835 


55836 
57692 
43137 
33219 
57917 
57918 
35201 
4329] 
45149 
41305 
55563 
55564 
24807 
55813 


43143 
43144 
34658 
43146 
26508 
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Peach Seedlings at Large 


J. Howard Lippincott, early yellow, before Arp 
J. Howard Lippincott, white, between Greensboro and Carman 
W. I. Coddington 
Dyer ice 
Clifford Nevius, Eleanor 
James Neilson, late yellow 
Mr. Conover 
Other Prunus 


Remasvarineniacas: (ADTICOL)  . ns... abe Wee eden ee SPI 17154 
ME TTina MES SETUCUIT Lb yiclct se Gea ea mises acu, sena uide wa RO Ray ata se SPI 26886 
mmriuencdomestica <x (Pp. SpinOSa.....).e ike ws ese SPI 32670 


Prunus serrulata var. sacchaliensis 


Station Seedlings 


In this list, the station seedlings, which have been propagated and planted 
on the horticultural farms, are divided into three groups: 1, those which have 
been named; 2, those which have appeared promising but which have not been 
named and introduced ; 3, those which have been retained because: of some 
merit which makes them possible breeding materials. 

The serial number consists of two parts. The last two digits (as, —14) 
indicate that the cross was made in 1914. The digits before these two indicate 
that the order in which the particular seedling was planted in the orchard 
(as, 6714 was the 67th seedling planted of those bred in 1914.) 

The introduction numbers were given arbitrarily, in the order in which 
the seedlings proved their merit, the letters after the numbers indicating the 
parentage of that particular individual. For example, the 67th tree in the 
series bred in 1914 has the serial number 6714. To this was given the intro- 
duction number 1B, as the first of promise, B indicating that it is a seedling 
of Belle self-pollinated. This was later named Eclipse. 


KEY 
A. —Arp Ecl.—Eclipse 
B. —Belle G. —Greensboro 
C. —Carman L. —Lola 
D. —Dewey L.C.—Late Crawford 
E. —Elberta S. —Slappey 
E.C.—Early Crawford S.J. —St. John 
s-p or a capital letter alone—Self-pollinated 
o-p or 0—Open-pollinated 
SFEDLINGS NAMED 
Introduction Serial 
Number Number Name 
1B 6714 Eclipse 
9B.G.—47B.G. 23514 Radiance 
22.8, 87315 Pioneer 
25 B.G. 25614 Cumberland 
255. E. 36515 Primrose 
BSc Ad 25916 Sunbeam 
52s. LD: 26616 Oriole 
Sea: 12516 Marigold 
55 TAS 12916 Buttercup 
5/28: 9814 Meteor 
58 EG.O. 13421 Golden Jubilee 
SUT S: 30716 Rosebud 


60 B.G. 91215 Delicious 
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PromMisinc But Nor NAMED 


Introduction Serial Introduction Serial 
Number Number Number Number 
273) 9914 a Ml Sd 832 32615 
aOR. 16614 34 E. 1515 
5 B. 16714 Deion ae 12515 
6 B.G. 19314 36... 8415 
8 BEC 23114 37 B.G. 23714 
10 B.E. 27914 38 E.G. 43215 
12°-B:E, 29714 39 E.G. 37615 
13. B:E: 30314 40.C.S. 32816 
147 BE. 30514 41°.S.D: 30616 
1755 EB, 37814 42 B. 9414 
18 E. 8115 43 B.C. EF. 21215 
20 EB 30315 44 E.B. 30315 
23 B.G. 87415 45) 5b .G: 42714 
26 B.G. 25714 46 B. 11914 
Dyn tee 89015 48 B. 113215 
ZO ees 46414 49 B. 92615 
30: E.E.C. 21615 50 B. 97815 
Fe Dabs ie Bee) Sh 23515 61 Ecl. 9821 
32); Ee 27415 


RETAINED FOR BREEDING 


210 L. o-p 20515 E.GxE 63415 jas Gite ae 
17914 LC. o-p 21415 EG 85615 B. s-p 
26214 Bek. 21815 EC. x E 104115 B. s-p 
26614 Byx i 22415 B.C o3E: 105615 B. s-p 
37814 BB. 22815 EB. Cass: 106815 B. s-p 
41514 Le cy i 23315 E.Gce 107015 B. s-p 
43014 i. % EG, 26015 BG ee 112015 B. s-p 
56814 S.J: 27015 Bax: 112415 B. s-p 

2215 E, s-p Z/145 inp atl ee 113315 B. s-p 
3515 E. s-p 28215 Hos B: 114515 B. s-p 
4015 E. s-p 29015 ee ate 13616 jis or 
6015 E. s-p 29415 bE al 5 22516 Io x5) 
6315 E. s-p giz2i5 E. xB. 27316 S:30D: 
7715 E. s-p 33015 E; xh. 27716 EC?x D| 
8015 E. s-p 33215 Ke xB) 27816 EG. ao 
8115 E. s-p 33315 Eux'B, 29616 See: 
8915 E. s-p 33815 E: xB. 29816 Sie Dy: 

- 9915 E. s-p 35215 E. xB; 35816 EC. xA. 
12815 E. s-p 35315 Eox B: 40316 Sie 
14115 E. s-p 35915 Bux, 4121 ST aiGiem 
14315 E. s-p 38815 E.x G. 4521 SJ. x C. o-p 
16815 E. x E.C. 38915 1 hs 9221 Eck 
19915 A Dip Fs Oe 57415 SJ ooh, 13621 E. x G.o-p 
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Summary of Varieties, Species and Types of Peaches and Allied 
Prunus Planted on Horticultural Farms 


© 
Oy, 
Py mn 
8 
~~ F i n anaivs 
se fy (92) 8 |8e) 2 | seal se 
oD oy = athe 3 ee 
Sh te Pr eis Nal Oem re Ye 
aS a4 ise a o NES ie heed Lee 
> Uv) ra NO |Ns Zz Nat} pjo}joe 
PPL Tw.) Pl pT w.! Pl | Twp Pl. fiw pee twat Col: | 
WWGierpet cise ss. | | 
Farm Swale ...... | 34 2 1 2| | 40 
Spring Triangle ... 18) 8 | | whys 
Morrisey Farm ...| 46| 4} 16! 22| 47| 7 | PAWS abet lated Bile wha: Seed (ou ity 
aTATICH Ty mvc sss 46 OLieer ee PA hs! | 121 
Gebhardt Farm ...| 25] | 16 AD ie Bias t AL vorEeo 
PLOtALS eer tok. | T50) SA S422 T4017 Si oe2| 93] PS |S 20b12| £4 e428 
Grand Totals ./...: 150 | 56 | 157 | 7 | 18 | 32.0) 4a i428 
Duplications ...... 38 15 34 0 4 Sri Oe weds 
Neti lotals resin: . Gre STi 23 e I 7 i lab 129,54) AA AS S4 


The Self-Fruitfulness of Peach Varieties 

Previous reports have shown that the J. H. Hale peach is pollen 
sterile. Each year this is checked by allowing a branch on a cov- 
ered tree to self-pollinate. In the season of 1925, 592 blossoms 
were on the unpollinated branch and 5 fruits set. With the usual 
run of varieties a good set would have been obtained. The fact 
that J. H. Hale set 5 fruits indicates that an occasional blossom 
has a normal development of the pollen grains. 

In the spring of 1926, a similar branch was left in J. H. Hale, 
and of about 500 blossoms, only 7 fruits have set. 

In the case of a covered tree of Chinese Cling, 4 fruits are set 
on a branch which had about 250 blossoms and which was left un- 
disturbed. This is in contrast with the dwarf Elberta seedling, Iron 
Mountain, and Goldmine—the nectarine—where a full set was ob- 
tained upon branches left untouched on trees protected from the 
visits of insects. A fairly good set was also obtained upon Krum- 
mel’s October, Late Champion, Lippiatt’s Late Red, and Osprey 
Improved. The latter trees were covered by Mr. Stearns in his 
peach moth work. 

Apple Breeding 

In the course in plant breeding, in the College of Agriculture, 
practical exercises in the breeding of apples were given to the sen- 
iors of the class of 1925. As a result of their efforts, the following 
seedlings are in the nursery: 


Williatisece starr. uo0 
Wealthy x Starr 124 


In addition to the seedlings, the information that Starr is a 
compatible pollinator for William and Wealthy is of interest. 
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Carnation Breeding—Project 9 
C. H. Connors 


During the season of 1925 to 1926, the scarlet seedling named 
Rutgers in the spring of 1925 was given a further trial and some 
few plants were disseminated. Further distribution will be made 
next year. 

Of the two medium pink seedlings, No. 510 L has been selected as 
the better, and will be tested for one more year before being named 
and disseminated. | 

The pure line work was temporarily discontinued, but the pure 
single flowered seedlings in white, light pink, dark pink, scarlet, and 
purple have been retained for a propitious time. 

Breeding work during this season was devoted to yellows, to 
improving further the scarlets and deep pinks. Laddie and a red 
sport of Laddie were used, together with our own seedlings. 

The variety Laddie has many desirable characters. Although 
slow in coming into bloom, and not a free producer, the stiff long 
stem, the large size of the flower, and the splendid keeping qualities 
of the flower make it desirable as a commercial sort. Unfortunately, 
from a breeding standpoint, it is sterile as a male and is inclined to 
phyllody of the ovules. Occasionally, however, a few seeds are 
produced, so that by using Laddie as a seed parent, it may be possi- 
ble to secure seedlings with some of its desirable characters. 


Other Dianthus 
The collection of Dianthus species and types has ‘been increased 
to 40 by accessions from various botanical gardens throughout the 
world and by purchase. 


Hydrangea Culture—Project 12 
CHARLES H. ConNors 


The experimental work with hydrangeas continues, in an en- 
deavor to solve some of the problems of color control and to arrive 
at the underlying cause. 

In the first instance, the available material which seems adapted 
to secure the acid reaction necessary for the production of blue flow- 
ers—aluminum sulfate—is not safe for blanket recommendations. 
In trials in the usual procedure of handling this plant, it has been 
found that unless the plant is potted, from the field, a sufficient 
length of time to develop a full root system, the production of blues 
is uncertain. This applies to larger plants in 6- or 8-inch pots. It 
may be necessary, therefore, to recommend that the fields in which 
the hydrangea plants are grown in the summer be treated to adjust 
the reaction. : 

During the past season, 18 percolators were used for growing 
hydrangeas with constant drip. The solutions used were Totting- 
ham solutions as modified by Jones and Shive and further modified 
to secure variable hydrogen-ion concentration, by the use of vary- 
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ing amounts of di-basic and mono-basic potassium phosphate, as 
suggested, in person, by Dr. J. W. Shive. 

Three reactions were used, having hydrogen-ion concentrations 
at about 5.5, 6.0, 6.5, which in soils would give blue flowers, inter- 
mediate colored flowers, and pink flowers respectively. Each of 
these was used with ferric iron in the form of the soluble phos- 
phate, ferrous iron in the form of ferrous sulfate, and without iron. 
No chlorosis appeared in the solution lacking iron. 

The plants used were out of 2%-inch pots, the soil being pre- 
pared to produce pink flowers. All of the plants when grown in 
cultures bloomed pink, thus verifying previous findings that the 
color of hydrangea flowers is influenced by the reaction of the soil 
in which the roots are growing at the time the flower buds are 
formed. 

The Culture of Perennials—Project 22 
CHarLesS H. Connors 
Iris Rhizome Rot 


The iris rhizome rot, Bacillus cartovorus, L. R. Jones, causes, 
at times, considerable losses in iris plantings. In an endeavor to 
control this, a variety—-Purple King— that was badly diseased was 
selected. 

The divisions were made as uniform as possible. Part of them 
were scraped clean of the disease and part were left undisturbed. 
There were then immersed in the following germicidal and fungici- 
dal solutions: Corrosive sublimate, formaldehyde, copper sulfate, 
bordeaux 4-4-50, bordeaux, 2-4-50, Semesan. Part of the divisions 
were not treated. 

These were planted in the usual manner in the first week of 
July, 1924. After two years, no rot has appeared on any of the 
treatments or on the control. 

It is obvious that this common soil organism is somewhat vari- 
able in its virulence with variations in climatic and other environ- 
mental conditions. 

Culture of Dahlias 

During the season of 1925, 428 varieties of dahlias were grown 
under test. 

In the seedling test garden operated in conjunction with the 
Dahlia Society of New Jersey, 82 seedlings were under trial and 
28 certificates were awarded to seedling varieties which scored 85 
points or more. 

The fertilizer test was devoted to the effect of potash upon root 
production. The variety used—Lady Helen—is a notoriously poor 
root producer. In the soil in which these plants were grown, no 
difference in weight of tuberous roots produced upon no potash, 
150 pounds to the acre, and 300 pounds to the acre, was noticed. 
The season was exceptionally dry, which may have had some effect. 

One limiting factor in dahlia growing is the damage done very 
early in the season by thrips—the leaves are crippled and the plants 
become stunted. It was found that 1% or 2 per cent nicotine dusts, 
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if applied twice a week for the first two weeks after planting and 
once a week for the next two weeks apparently controlled this in- 
Sect, 


REPORT OF THE DEPARTMENT OF POMOLOGY 
ARTHUR J. FarRLEY AND J. HaroL_pD CLARK 


The department of pomology has conducted experimental work 
during the past year along the following lines: Spraying of apples 
and peaches, fertilization of apples, pollination of apples, cultural 
studies with grapes and strawberries, and variety tests including 
tree fruits, small fruits, and grapes. 


Spraying Experiments With Peaches 


Spraying experiments with peaches were conducted at the Hor- 
ticultural Farm, New Brunswick, and at the Del Bay Farms, Bridge- 
ton. 

Horticultural Farm, New Brunswick 


The two chief objects of the New Brunswick experiment were: 
first, to determine the value of finely ground peat and gypsum as 
preventives of arsenical injury when used as substitutes for hy- 
drated lime in Dry Mix applied to peach trees in combination with 
lead arsenate ; and second, to compare the effect of hydrated lime and 
freshly slaked lime on arsenical injury when used in preparing Dry 
Mix applied in combination with lead arsenate. 

The following mixtures were applied to Elberta trees planted 
in 1918: 


1— Check. 

2—Sulfur 8 pounds, ground peat 4 pounds, powdered lead arsenate 1 pound. 

3—Sulfur 8 pounds, ground peat 4 pounds, powdered Icad arsenate 2 pounds. 

4—Sulfur 8 pounds, hydrated lime 4 pounds, powdered lead arsenate 2 
pounds, 

5—Sulfur 8 pounds, hydrated lime 4 pounds, powdered lead arsenate 1 
pound. 

6—Sulfur 8 pounds, stone lime 4 pounds, powdered lead arsenate 1 pound. 

7—Sulfur 8 pounds, gypsum 4 pounds, powdered lead arsenate 2 pounds. 


Lead arsenate was used in two applications; first when the 
shucks started to split on May 13 and again on May 26. On June 
2, slight foliage injury was noticed on all sprayed trees, but there 
was no defoliation at this time. On June 17, a slight reddening ap- 
peared at the base of the new growth and on the twenty-second, 
cankers were found developing on the one-year wood, together with 
considerable leaf drop. The affected leaves were yellow, many 
having no external indication of injury. The cankers consisted of 
a light, brownish, purple area around the base of the buds and new 
shoots. The bark in most cases was not sunken at this time. The 
injury was most severe on the trees reeciving treatments 2, 3, and 
4. All other treatments showed very slight injury, both from the 
standpoint of leaves and twigs, except 8, which showed cankering 
similar to other treatments, including 2 pounds of lead arsenate, 
but developed practically no leaf injury. Starting with the check 
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or unsprayed trees the treatments were ranked in the following or- 
der cn June 22 on the basis of cankering of one-year wood. 


1—No cankers. 

6 and 7—Slight cankering. 

‘2, 5 and 8—Severe cankering. 

3 and 4—Very severe cankering. 


Defoliation was most severe under treatments 3 and 4, while the 
cankers continued to increase in size and number for several weeks. 
The gumming of some of the cankers on the one-year wood was first 
noticed about July 1. The conditions described are typical of those 
generally referred to as arsenical injury. Therefore, it seems rea- 
sonable to assume that gypsum and peat are both ineffective sub- 
stitutes for hydrated lime for use in connection with the preparation 
of Dry Mix. On the other hand, 4 pounds of freshly slaked stone 
lime appears to be more effective than the same amount of hydrated 
lime as a preventive of arsenical injury. This is probably due to 
the increased amount of calcium hydroxide, together with a mini- 
mum amount of calcium carbonate. It is, at least, further evidence 
that it is desirable to increase the lime content of Standard Dry Mix 
(8-4-50 formula) when used in combination with lead arsenate. 
This question will require further study in order to develop a spray 
mixture for peaches that will be just as effective as New Jersey 
Dry Mix, and safer to use on peaches in, combination with lead 
arsenate. 

Del Bay Farms, Bridgeton 

A spraying experiment was carried on at the Del Bay Farms, 
Bridgeton, with the following objects: 

1—To test colloidal sulfur with and without the addition of lime in applica- 

tions containing lead arsenate. 

2—7To compare the effectiveness and safety of Dry Mix made with varying 

amounts of sulfur and lime. 


3—To compare the effectiveness of superfine dusting sulfur and commercial 
sulfur when used in preparing Dry Mix. 


The following mixtures were applied in a 12-year old orchard 
containing the varieties Carman, Lola, Hiley, Belle, Elberta, and 
Iron Mountain. 


1—Colloidal sulfur 4 pounds to 50 gallons water plus lead arsenate 1 pound 
to 50 in shuck fall and following applications. 

2—Same as 1 plus 4 pounds hydrated lime to 50 gallons spray mixture in 
applications containing lead arsenate. 

3—Dry Mix 2-4-50 with lead arsenate in first 2 applications. 

4—Standard Dry Mix with lead arsenate in first 2 applications. 

5—Eight pounds Standard Dry Mix to 50 gallons water with lead arsenate 
in first 2 applications: Sulfur 5.12 pounds, Lime 2.56 pounds, Kayso 
.32 pound. 

6—5-4-50 Dry Mix made from Superfine Dusting Sulfur. 

7—5-4-50 Dry Mix made from Commercial Sulfur Flour. 

8—Standard Dry Mix with lead arsenate in first 2 applications followed 
by 8 pounds sulfur and % pound Kayso to 50 gallons in later applications. 

9—Sulfur 8 pounds, Kayso % pound, water 50 gallons plus lead arsenate 
in first 2 applications. 

10—Self-boiled lime-sulfur with lead arsenate in first 2 applications. 

eee Apt Dry Mix with lead arsenate in first 2 applications. 

—Chec 
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Applications were made in accor@ance with the Experiment Sta- 
tion spray calendar, the shuck split spray being applied on May 1. 

Scab and brown rot control was very satisfactory under all 
treatments, the amount of disease not being sufficient to make a 
detailed count of affected fruit practicable. Furthermore, the 
amount of arsenical injury was negligible with the exception of 
treatments 1 and 9, where no lime was used in applications con- 
taining lead arsenate. These two treatments caused considerable 
leaf injury, including slight defoliation, together with cankering of 
the one-year wood. All treatments, except 10 and 11, caused a 
moderate amount of arsenical injury in the form of cankering and 
slight ieaf injury, thus indicating again the importance of using 
plenty of lime in combination with lead arsenate or sulfur-lead 
arsenate mixtures applied to peach foliage. 


Apple Pollination Studies 


The question of pollination in relation to fruit set of apples con- 
stitutes a problem of increasing importance in the commercial apple 
growing sections of the state, where there is a tendency to plant 
relatively large blocks of one variety. This problem is being studied 
quite thoroughly by a number of state agricultural experiment sta- 
tions with rather conflicting results. Furthermore, it is quite ap- 
parent that local conditions have a direct effect upon results, thus 
making it desirable to duplicate to some extent pollination studies 
carried on in other states under somewhat different conditions. It is 
also true that some of the varieties that are of commercial impor- 
tance in New Jersey are not included among those studied by other 
investigators. , 


In view of this increasing need for more definite information 
based on New Jersey conditions, some apple pollination studies were 
started during the spring of 1926. It was decided to limit the work 
the first year to a study of some of the varieties that might be used 
as pollinizers for Stayman. Two Stayman trees were enclosed in a 
cheesecloth tent just previous to blossoming. One tree was in the 
variety orchard at the Horticultural Farm, New Brunswick, and 
the other was in the L. T. Hallock orchard near Clayton. Both 
trees were of approximately the same size, the tree in the Horticul- 
tural Farm orchard being 10 years old and the tree in the Hallock 
orchard 12 years old. The Horticultural Farm tree was in a mod- 
erately vigorous condition, whereas the Hallock tree was somewhat 
lacking in vigor because of insufficient nitrogen and moisture. 
Both trees had a set of fruit buds and were full of bloom. Ideal 
conditions for pollination prevailed throughout the blossoming pe- 
riod in both orchards from the standpoint of temperatures and 
wird. It was unusually dry, however, a condition that may have 
affected pollination to some extent. 


It was assumed that Stayman is entirely self-sterile and for that 
reason the blossom buds were not emasculated before applying the 
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pollen, which was collected in¥small tubes and applied with camel’s 
hair brushes. Pollen from the following varieties was used in poi- 
linating the Stayman tree at New Brunswick: Baldwin, Delicious, 
Golden Delicious, Gravenstein, Grimes, Jonathan, McIntosh, Melba, 
Rome, Smokehouse, Starking, Starr, Stayman, and Wealthy. The 
Stayman tree in the Hallock orchard was pollinated with pollen 
from the following varieties: Delicious, Golden Delicious, Grimes, 
Jonathan, McIntosh, Melba, Smokehouse, Starking, Starr, Stayman, 
and York. 

There was practically no set of fruit on the hand pollinated tree 
in the Hallock orchard, practically all of the fruit dropping within 
two weeks of petal fall. The fruit set was also very light on the 
open pollinated Stayman trees in this orchard, notwithstanding a 
heavy bloom, plenty of bees, and ideal weather conditions for pol- 
lination. It is quite evident that the light set of fruit was due to 
improper nutrition rather than to the failure of the blossoms to be- 
come pollinated, since pollen that was very effective at New Bruns- 
wick failed to give results in the Hallock orchard. 


CABEE OL 


Number of Blossoms Pollinated und Number of Fruits Set July 1 on 
Stayman Tree at New Brunswick 


Number of 
Variety of Pollen Blossoms eee iS pene a 
Pollinated se 
ied kerf 0 © Aa ee em 366 | 0 0 
DDAleOtise re ce. oe le ae 392 67 17.09 
Golden Delicious ........... 270 36 | 13.30 
USfavensteineee. 642°. so is ces 447 1 0.22 
Eleritecs oo otter: he an re 138 14 10.14 
CAT OW poe aces Ore te 345 69 20.00 
WIEST Co 5 697 108 15.49 
IES TSE ai. gill OR a 506 64 12.64 
NGL”. (ce Ae a a es 916 2 12.22 
PHHORCNOUSC Ee Aocs. scenes k 522 7 1.34 
side ST ef le ee anne See ta | 770 61 7.92 
LEV: 45.) 0h Are or | 859 91 10.59 
Stayman (self pollinated) ..| 545 5 | 0.91 
Wiemberomeun O82. 6D. bedi: | 365 | 45 | 12.32 
Check (unpollinated) ...... | 611 0 | 0 
Stayman—open pollinated ...| | | 
Vigorous tree, outside | | [ 
Prateek oe: 217 | 47 | 21.65 
Stayman—open pollinated ... | | 
Vigorous tree, low shaded | lina 
UGE | 199 | 35 | 17.58 
Stavman—open pollinated ...| | 
Vireakoetiecrmernie 1. | 524 | 45 8.58 


Table 1 shows the number of blossoms of each variety pollinated 
and the number of fruits set at New Brunswick, while table 2 shows 
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the percentage of blossoming clusters having one or more fruits on 
July 1. 


The fruit set on July 1 is not an absolutely correct indication 
of the effectiveness of the different kinds of pollen, since some blos- 
soms set fruit that fell off before July 1, because of lack of suffi- 
cient nutrition in individual spurs or twigs. However, the percent- 
age of drop before July 1 was practically the same for all varieties, 
thereby making the record on that date a satisfactory indicator of 
the relative value of the various varieties as pollinizers for Stayman. 


TABLE 2 


Percentage of Blossoming Clusters of Stayman With One or More 
Fruits on July 1 


Hand Pollinated Tree 


: Clusters Variety of Clusters 
Variety of Poll 
Mann Aces With Fruit Pollen With Fruit 
per cent | per cent | per cent 
Baldwin yes wan ete ae | Melba 40.00 
Helicions sh. hiewent ore 72.00 | Rome | 44.00 
Golden Delicious ...... 40.00 | Smokehouse 18.51 
Gravenstei 0.4 aki wack 2.00 | Starking | 50.00 
Gritnes a taue ur pea oee ae 32.25 Starr | 52.00 
Jonathan eee eed 74.00 Stayman | 4.00 
DMeinigei cena ween aon 60.00 | Wealthy | 48.00 
Open Pollinated Trees 
Wheale: tree: oA ious vs ch Os ee ae. sae dew Calan 34.88 
Vigorous tree, onteide, brancly (oo. sais eae ee 92.00 
Vigorotis tree, low shaded “branen 15,1) acum ues 62.00 


All of the varieties used as pollinizers at New Brunswick were 
quite satisfactory with the exception of Baldwin, Gravenstein, and 
Smokehouse. Jonathan, Delicious, and McIntosh pollen gave the 
heaviest set of fruit, with Golden Delicious, Melba, Wealthy, Rome, 
Starr, and Grimes close seconds. Starking does not show up very 
well in comparison with Delicious on the basis of actual percentage 
of blossoms setting fruit, but looks better when the comparison is 
made on the basis of the percentage of blossoming clusters having 
one or more fruits on July 1. There appears to be almost as much 
variation in fruit set between clusters of bloom, individual branches, 
or even entire trees of one variety as there is between trees of dif- 
ferent varieties. Furthermore, the percentage of fruit set as a result 
of hand pollination by the methods used in this experiment is consid- 
erably lower than the average set on vigorous, open pollinated trees 
in the Horticultural Farm orchard and higher than weak trees that 
are open pollinated. 
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It is a well-known fact that bees visit the same blossom more 
than once, thereby making it desirable to make more than one ap- 
plication of pollen by hand in order to have the results compare 
favorably with nature’s method. Furthermore, we know that some 
spurs and flower clusters are more vigorous than others, and for 
that reason better able to hold a given amount of fruit for a longer 
period. On the other hand, a larger percentage of fruits dwarfed 
by aphis remain on a given spur than would be the case if the 
fruit developed to a normal size. This again is associated with the 
nutritive condition of the spur or flower cluster rather than with 
pollination of the blossoms. It is, therefeore, very important that 
pollination studies involving comparisons between varieties be con- 
ducted on trees or branches of uniform vigor. 


Cultural Studies of Strawberries 


Many strawberry growers in the central and southern parts of 
the state have difficulty in securing a satisfactory stand of runner 
plants in connection with the development of the common matted 
row. Some growers believe the difficulty is due to a disease preva- 
lent in locally grown plants, and, therefore, have tried plants pur- 
chased from nurserymen or growers in other strawberry growing 
districts. The results in most cases have not been satisfactory. It 
is also thought that the time of setting the parent plants might have 
some influence on the development of the runner plants. In order 
to secure some data and make observations relative to the effect 
of source of plants and time of planting on the development of 
the matted row, a field test was started during the spring of 1926 
in cooperation with Mr. Aaron Collins, of Moorestown. For the 
source cf plant study, approximately 300 plants of Howard 17 were 
secured from four sources and planted in adjoining rows in a field 
set aside by Mr. Collins for the cooperative experimental straw- 
berry project. Two rows of plants from each source were planted 
about 18 inches apart in rows 4% feet apart. Plants were secured 
from the Horticultural Farm, New Brunswick; the W. F. Allen 
Company, Salisbury, Maryland; Levi Walton, Moorestown; and 
Aaron Collins, Moorestown. The Horticultural Farm plants were 
somewhat larger than the others, both from the standpoint of 
crowns and the root systems. The Allen plants were of average 
size and quite uniform. The Levi Walton plants were taken from 
a field where great difficulty had been experienced the previous sum- 
mer, and where the stand of plants was very poor. The plants 
supplied by Mr. Collins were probably somewhat above the average 
used by commercial strawberry growers in the Moorestown’ dis- 
trict. All of the plants in this particular test were set on April 1. 


In addition to the plants set on April 1, two later plantings of 
the Horticultural Farm and the Aaron Collins plants were made, 
one on April 13, and the other on April 26, in order to study the 
effect of time of planting. 
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Rather marked differences were noticeable in the various lots 
of plants as soon as they started to grow. On June 17, the plants 
in each row were classified as very vigorous, vigorous, weak, very 
weak, and dead, with the results shown in table 3. 


TABLE 3 


Relative Vigor of Strawberry Plants on June 17—Experimental Plot, 
Aaron Collins, Moorestown 


fe! = 7 
Source of Plants ae be i 5 ~“ sme ZC 
3S Ses Rear ~ oY 9) 
fay? aes = > Ss A 

| per cent| per cent | per cent| per cent| per cent 

Collins: is seas April 1 23 44 28 | Dem 2 
Allen 24.2. 8sicsneee April 1 14 38 38 7 pa | 3 
Walton: ois Whee eet 3 16 31 13.2 eee 
New Brunswick .. Antiless 75 ye 3 — | — 
New Brunswick ..| April 13 13 48 36 3 | ~-- 
Collins ..2 Gees a Apritei get © 2 T(E ae 7 / 
Colfitist eG eee April 26 — 23 | 52 8 17 
New Brunswick ..!| April 26 34 58 8 | — | — 


The various grades of plants in table 3 could be described as fol- 
lows on June 17: 

Very vigorous: Three crowns, 12 to 15, leaves fully developed, 6 to 8 
runners, most of which have leaves of first runner plant just developing. 

Vigorous: Two crowns, 8 or 9 leaves fully developed, not over two 
runners. 

Weak: One crown, 3 or 4 leaves fully developed, no runners. 

Very weak: One crown, 1 or 2 leaves or old plants with a relatively large 
number of very small leaves, no runners. 

The greatest leaf spread on the various grades of plants was 
as follows: 

Very vigorous—6% inch; vigorous—5¥% inch; weak—4%% inch; very weak 
—2Y% inch. 

The very vigorous plants on June 29 had an average of 3 rooted 
runners per plant, together with 5 or 6 more almost rooted. The 
weak plants on the other hand averaged less than 1 rooted runner 
per plant. Further observations will be made and data secured from 
time to time throughout the season, followed by some comparative 
crop records next spring. 


Observations on the Fruit Bearing Habit of Wealthy, McIntosh 
and Baldwin, Horticultural Farm, New Brunswick, 
New Jersey, 1925 


It is a well-known fact that the apple tree bears its fruit ter- 
minally on spurs, laterally on one-year wood, and terminally on 
one-year wood, frequently referred to as spur, axillary, and ter- 
minal fruits. Rome usually bears most of its crop terminally and 
laterally on one-year growths, some of which might be classed 
as long spurs. McIntosh, on the other hand, seldom produces fruit 
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terminally on one-year wood, but bears largely on short spurs. In 
other words, the fruiting habit of the apple varies with the variety. 
Furthermore, the fruiting habit of the same variety may vary under 
different conditions affecting the growth of the tree. For example, 
the Baldwin may under certain conditions produce the majority of 
its fruit on spurs and under other conditions produce a large amount 
of fruit terminally on rather long growths of one-year wood. The 
proportion of spur, axillary, and terminal fruits also varies with the 
age of the tree, since this is one of the factors that influences vigor 
and growth. The following records on the fruit-bearing habit of 
Wealthy, McIntosh, and Baldwin secured in the variety orchards 
at New Brunswick during the season of 1925 are of interest. In 
recording these yields all fruits produced terminally on 1924 growths 
over 214 inches long, were classed as terminal fruits, and all fruits 
produced terminally on 1924 growths 2% inches long or less, were 
classed as spur fruits. Axillary fruits are those produced laterally 
on one-year wood. 


TABLE 4 


Number and Percentage of Spur, Axillary, and Terminal Fruits on 
Wealthy, McIntosh, and Baldwin Variety Orchards, 
New Brunswick, 1925 


Spur Fruits | Axillary Fruits 


Terminal Fruits| Total 
Nontietbcte ha Nosiis Pet 


Nose Det: (ahoNo! 


13-year Wealthy ...| 1005 | 58.16 110 6.36 GIS ele 35.47} 1728 
9-year Wealthy ...| 227 | 24.21 306 | 26.75 561 | 49.04 | 1144 
9-year McIntosh ..| 922 | 92.20 78 7.80 id eerie LLOOU 
9-year Baldwin ...| 459 | 20.60 101 4.60) 1661 | 74.70 |-2221 


A study of table 4 brings out several points of general interest. 
One striking condition is the difference in the bearing habit between 
the 13-year-old and the 9-year-old Wealthy On the 13-year-old 
tree almost 60 per cent of the fruits were produced on spurs, 
whereas on the younger tree slightly less than 25 per cent were in 
this class. Furthermore, nearly 50 per cent of the fruits on the 
9-year-old tree were classed as terminals, whereas only 35 per cent 
of the fruits were in this class on the 13-year-old tree. The rela- 
tive percentage of axillary fruits produced by the two trees is also 
striking, with only 6 per cent on the 13-year-old tree, and almost 
27 per cent on the 9-year-old tree. It is also of interest to know in 
this connection that the 13-year-old tree has developed the biennial 
bearing habit to a marked degree, while the younger tree is bear- 
ing annually as indicated by the following yields, the figures rep- 
resenting 16-quart baskets: 


Oo Saar eee es, x Pee 6.25 baskets 
LOZARRORO SS 2. A a 10.50 baskets 
1925 eat: tr ca a oe 15.25 baskets 


It is, of course, impossible to draw any definite conclusions 
from these figures relative to biennial bearing, but they clearly in- 
dicate the difference in fruiting habit existing between trees of the 
same variety that vary in age, vigor, and general condition. 


- 
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The contrast in bearing habit between Baldwin and McIntosh 
is also very striking with nearly 75 per cent terminal fruits on Bald- 
win as compared to none on McIntosh. The record on Baldwin 
is particularly interesting, since it is a variety that is often referred 
to as never producing many terminal fruits. Furthermore, it is evi- 
dent that terminal fruits other than those produced on spurs some- 
times produce a heavy crop, since in this particular case a 9-year- 
old Baldwin tree bearing 16% bushels of fruit produced only 20 
per cent of the crop on spurs. However, the effect of this heavy 
yield on the following year’s crop was the same as a similar yield 
on spurs, since the 1926 crop on this particular Baldwin tree is very 
light. 

Relative Size of Terminal, Axillary, and Spur Fruits 


In addition to the number of fruits, the relative size of the 
spur, axillary, and terminal fruits produced by these trees was de- 
termined by running each lot separately over a Cutler grader. The 
results are shown in table 5. 

The data in table 5 indicate that on these trees the spur fruits 
average the largest, the terminal fruit next and the axillary fruits 
the smallest. This fact combined with the relatively small percent- 
age of axillary fruits indicates that such fruits cannot be depended, 
upcn to any great extent to produce a marketable crop. The ter- 
minal fruits on the other hand, although not quite so large, compare 
favorably with those produced on spurs. ‘The slightly smaller aver- 
age size of the terminal fruits in comparison with the spur fruits 
is probably due to the fact that each bearing terminal produced an 
average of 4 or 5 fruits, while the average number of fruits on 
spurs was between 2 and 3. It is also true that axillary fruits pro- 
duced on younger, more vigorous trees would be larger than indi- 
cated in table 5 and, therefore, worth more on the market. 


Rate of Growth of Apple Fruits 
| MELE UARK 


The usual method of measuring the size of an apple is by its transverse or 
cheek to cheek diameter. For commercial purposes this is perhaps satisfactory 
enough, although with very oblate or very conic apples the one diameter meas- 
urement does not give an accurate idea of the cubical contents or actual size 
of the fruit. 

The transverse diameter has often been the only one considered by investi- 
gators studying fruit growth. This has been true in connection with studies 
of rate of apple growth made at this Station.! However, in this connection 
it would seem advisable to make a more complete size record, especially if the 
rate of increase of one diameter of the fruit might be greater than the rate 
of increase of another diameter. In order to determine whether such a dif- 
ference in rate of growth of different diameters may occur, and to secure 
further data on the rate of growth of apple fruits, a series of measurements 
was made on Stayman apples during the summer of 1925. Measurements 
were made at approximately weekly intervals of the greatest transverse or 


1Farley, A. J. 1924 Report of Department of Pomology. WN. J. Aor. 
Exp. Sta. Ann. Rpt. 1923 :106. : 
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cheek diameter and the greatest vertical diameter. In measuring the vertical 
diameter, one member of the calipers was placed across the cavity, adjacent 
to the stem while the other member was placed on the highest point of the 
apex. Thirty apples on each of four 9-year-old trees were included in the 
test. Representative fruits were selected in such a way that an equal number, 
six each per tree, came from terminal buds, axillary buds, l-year-old spurs, 
old spurs exposed to full sunlight, and old spurs near the center of the tree. 

On July 6 the average vertical diameter of all fruits was 1.284 inches and 
the average transverse diameter, 1.558 inches. On October 6, the average verti- 
cal diameter was 2.095 inches and the average transverse diameter 2.593 inches. 
a gain of 0.811 inches and 1.035 inches respectively. The ratio of vertical 
to transverse diameter on July 6 was 1:1.21 and on October 6 was 1:1.24. 
This shows that with this particular variety the fruit tends to become slightly 
more oblate as the season progresses and the actual volume of the fruit does 
not increase quite so rapidly as does the cheek to cheek diameter. 

Since the measurements were made of fruits from terminal buds, axillary 
buds, and different types of spurs, an opportunity was offered of comparing 
the rate of growth of fruit produced on these various types of growth. On 
July 6, the average size of fruits growing on the five different producing areas 
included in the experiment was about equal, except that the fruit from axillary 
buds was a little smaller than fruit from the other four groups. By October 
6, the axillary fruits were still smaller than the others, although they had 
made more of a gain than the fruits on old spurs near the centers of the trees. 
Table 1 gives the average gains in inches in size of the various groups of fruit 
during the period July 6 to October 6. 


TABLE 1 


Average Gains in Size of Various Groups of Apples From July 6 
to Octaber 6 


n © 
E a g | Sern 
S Ss n n 2 oy) od 
3 = 5 | Se 
© i, oo, | Sa) Me 
H < ZY |ONE IC ee 
Number of fruits anes 24 24 24 240 ae 
Gain in transverse diameter 1.08 1.00 1.05 1.06 GS CeO s5 
Gain in vertical diameter 3h 0.81 0.80 0.80 0.84 78 | 0.811 
Difference Gack co aces 0.27 0.20 0.25 0.22) | L1G ae 224 


Since the ratio of transverse diameter gain to vertical diameter gain is 
greater in the case of fruits borne terminally than in any other group, these 
terminal fruits apparently flattened out more than the others. Fruits on spurs 
near the center of the tree not only made slower gains during the latter part 
of the growing season, but also tended to remain more conical or less oblate 
than any other class. 


Comparative Yield of Several Standard Varieties of Apples— 
Horticultural Farm Orchard, New Brunswick 


The age at which an apple tree may be expected to produce 
profitable crops of fruit is a question in which every fruit grower 
is interested. Furthermore, the comparative productiveness of 
standard varieties of apples during the first few years of bearing 
and what is considered a fair crop for a 7-, 8-, or 9-year-old apple 
tree are questions of interest in connection with the development 
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of an orchard. The figures in table 1 based upon a careful record 
of yields during 1923, 1924, and 1925 in one of the variety orchards 
on the Horticultural Farm planted in 1916 form a basis on which 
to judge the normal productiveness of young apple trees. These 
yields are not given as a maximum or a minimum to be expected 
from a young orchard, but simply show what actually happened in 
one orchard containing trees of average size and vigor. 


TABLE 1 


Yields From an Apple Orchard Planted in 1916—Horticultural 
Farm, New Brunswick, N. J. 


All Yields are Given in Terms of 16-Quart Baskets 


| 


1923 1924 1925 — 4 

ey 

—————— rer ee 

Variety me WE ae %, EN oe 3% ) ey i, * SS Pa ORES 
BPl ah SS gh ee) &S| ge] eh] BS) he 

me | ee| SS | we | eS). ou | es} eS] ssl ss 

om > Vv vo fee 5B) vo - o = 

eee eee eee | | SE) | ee 
Baldwin PB Oeh2.04 a7 Sele i78 | 1G01086:45 15 40.001 13.501)24.8 | 38.7" 
Delicious ..| 15.0 | 5.3] 88] 631 0.3 | 2.6 | 26.0 | 13.5 | 18.9 | 30.3 
Gravenstanemialo0-pite.Us au aoe ektS fet. 5opel0N1 54.0 5:0) 21.20h 38:5 
Grimicanreen 10.00 ual.Oni7i010 08-0 1200:5: 1053,0;), 29.5 | .2.0,1.16.1, | 27.0 
McIntosh ..| 9.8 | Hoaueedeeco sala sagi44. 110.3 | 3.51 114 bo86 
Paragon ...! 9.8 | 3.0] 5.0 | 21.0 | 10.0 | 14.8 | 30.0 | 12.0 | 185 | 383 
Stayman o Toes ReedsBe 10 7ale 18:0" 1? "4/5 1910.0. + 31.0 |.9.311°17.10) 37.8 
Wealthy ...| 7.5 | 15 | 43]168] 40] 105] 168] 68 | 11.7 | 265 
Williams 4 3.5 | 05 | 19 | 6.5 | 2.0 | 5.5 | 17.3 | 5.3 | 11.0 | 184 
Warenermn 970 ech mesa 73.|05.) 3.0 1.133. ).4.01 4654 13.1 


These figures show what every grower has observed in his own 
orchard relative to the early bearing age of Stayman. Unfortu- 
nately, the yields in 1920, 1921, and 1922 were not recorded, since 
Stayman and Wealthy were the only varieties that produced anv- 
thing like a crop before 1923. Baldwin and Gravenstein, generally 
considered slow in coming into bearing, compare very favorably with 
Stayman and Paragon in this orchard on the basis of the three crops 
recorded. This condition is due in a large measure to the heavy 
crop produced by these two varieties in 1925, although the earlier 
yields are also higher than are generally expected from such vari- 
eties. Furthermore, the high average for Gravenstein is partly due 
to the highest yielding tree in 1925 with a crop of 54 sixteen-quart 
baskets or 27 bushels on a 9-year-old tree. This particular tree is 
growing under very favorable conditions from the standpoint of soil 
and moisture, and at the close of the season in 1925 had a maximum 
width of 30 feet and a maximum height of 19 feet. The total three- 
year production for this particular Gravenstein tree is over 37 
bushels as compared to 13% bushels, the average three-year produc- 
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tion per tree for 10 other Gravenstein trees in the same orchard, or 
19 bushels when the highest yielding tree is included in the average. 


Delicious, McIntosh, Grimes, and Wealthy have produced ap- 
proximately the same amount of fruit during the three-year period, © 
the average for the four varieties being.approximately 28 sixteen- 
quart baskets, or 14 bushels per tree. Delicious is generally slower 
than McIntosh in coming into bearing, but in this orchard it is ahead 
in spite of a very small crop in 1924. The McIntosh yield has been 
somewhat lower than was expected, but these trees are now the 
largest in the orchard and should yield heavily during the next three- 
year period. 


Williams runs true to form with a slow start and a very low 
average yield, per tree until 1925 when it produced a crop equal to 
McIntosh and Wealthy. Wagener is the lowest yielding variety 
in the orchard, primarily because of the small size of the trees.. Two 
Wilson Red June trees in this orchard were top-worked to Golden 
Delicious in 1921. One of these top-worked trees produced 7 and 
the other 10 sixteen-quart baskets of fruit in 1925, which is just 
one more example of the early age at which this variety bears profit- 
ably. 


Propagation and Distribution of Peach Seedlings 


Approximately 10.000 seedlings were budded to 20 different va- 
rieties during the summer of 1925. The following station and spe- 
cial varieties were propagated: 


2026 Primrose 1855 58 EG-O 

620 Rosebud 550 Radiance 

545 Eclipse 304 Pioneer 

292 Massasoit 256 Delicious 

255 Marigold 259 Meteor 

237 Buttercup 363 Oriole 

125 P. Davidiana 445 Cumberland 

52) OL Cas 96 Goldmine Nectarine 
SO (itil 50 Wilma 
50 Roberta 50 Salberta 


Unfavorable conditions for budding, due primarily to dry 
weather, resulted in the poorest bud take experienced since the peach 
seedling propagation work was started on a commercial scale. In 
view of this condition, the number of trees available for distribution 
in the fall of 1926 will be very small in comparison with the num- 
ber budded. 


During the fall of 1925 and the spring of 1926 over 7,000 trees 
of 15 varieties were distributed among 172 growers of the state. A 
large majority of these trees were distributed among residents of 
New Jersey, but the distribution also included 25 growers and agri- 
cultural experiment stations in 16 other states and 2 foreign coun- 
tries; namely, Canada and New Zealand. 


Thirty-three collections of 25 trees each were sent to members of 
organized boys’ fruit clubs in Salem, Middlesex, Burlington, Cum- 
berland and Mercer counties. 
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The following varieties were distributed : 

Recommended for commercial planting: Pioneer (22 BG), Cumberland 
(25 BG), Radiance (47 BG), Eclipse (1 B), Primrose (28 BE). 

Varieties for roadside or local markets: Rosebud (59 CS), Oriole (52 
SD), Delicious (60 BG). 

Home orchard varieties: Buttercup (55 LA), Marigold (53 LA), Sun- 
beam (51 SA), Massasoit (56 SD), Meteor (57 B). 


Brief descriptions of all of the above varieties with the excep- 
tion of Pioneer will be found in the 1924 report, and Pioneer is 
described in the 1922 report.? 

Three varieties; namely, Cumberland, Radiance, and Eclipse 
were released to New Jersey nurserymen during the year, a total of 
30,000 buds being sent out for propagation purposes. Eight test 
orchards have now been established in different sections of the state, 
several of which produced fruit during the past year. These orchards 
are located as follows: 


P. E. Van Riper, Allendale. John H. Hankinson, Pennington. 
Arthur J. Farley, Middletown. Lester Collins, Moorestown. 
Locust Grove Farm, Westville. W. H. Parkhurst, Hammonton. 
John Casazza, Vineland. Del Bay Farms, Bridgeton. 


Variety Orchards 


The variety problem is one of perennial interest to fruit growers. 
The identification of specimens of old varieties and the recommenda- 
tion of new varieties for planting are two types of service offered 
by the Experiment Station. This service necessitates a rather large 
variety orchard. At present the variety orchards include 154 vari- 
eties of apples and crabapples, 334 species, types and varieties of 
peaches, 60 pears, 39 plums, 67 grapes, 21 raspberries, 22 straw- 
berries, and a small collection of blackberries, currants, and goose- 
berries. 

An apple variety orchard has been started on the Gebhardt Farm 
No. 2, the planting mostly having been made in the spring of 1925. 
Some varieties were top-worked during 1925 and 1926 on a small 
orchard, which was on the farm when purchased by the Experiment 
Station. The following varieties are now growing on the Gebhardt 
Farm: 


Ananas Reinette Chenango 

Anoka Cortland 

Arkansas Black Delicious 

Astrachan seedling 2391 Delicious seedling 1940 
Baldwin Duchess 

Belleflower Early McIntosh — 

Ben Davis Early Melon 

Black Ben Davis Early Red Bird 

Black Micky Erickson 


1Connors, C. H., 1925. Peach breeding technical phase. N. J. Agr. Exp. 
Sta. Ann. Rpt. 1924:71-72. 

2Farley, A. J., 1923. Report of the department of pomology. N. J. Agr. 
Exp. Sta. Ann. Rpt. 1922 :81. 
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Fallawater 

Fall Pippin 

Fameuse 

Gallia Beauty 

Gilbert Winesap 

Goldo 

Gravenstein 

Grimes 

Henry Clay 

Hoover 

Hubbardston 

Imperial Rambo 

Jonathan 

King 

King David 

Lobo 

Lovett 

Lowry 

Macoun 

Mammoth Black Twig (Gilbert 
Imp.) 

Mavis 

McIntosh 

Medina 

Melba 

Milton 

Nero 

New Duchess 

Northwestern Greening 

Ohio Beauty 

Ohio Nonpariel 

Opalescent 

Paragon 

Pedro 

Perfect 

Ralls 

Rainier 

Red Astrachan 

Red Gravenstein 

Red McIntosh 

Red Rome (From Samuel Fraser) 
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Red Rome (From Washington 
Nursery) 

Red Rome (Ohio Bright Red Rome 
Beauty ) 

Red Spy 

Rhode Island Greening 

Reme 

Roxbury 

Senator 

Smokehouse 

Spitzenburg 

Spy 

Stark 

Starking 

Starr 

Stayman 

Summer Champion 

Summer Rambo 

Sutton 

Tioga 

U. S. D. A. Seedling 1 

U. S. D. A. Seedling 15 

Valerie 

Wagener 

Wealthy 

Weisser Klarapfel 

Westfield 

White Ohio Pippin 

White Winter Pearmain 

Williams 

Wilson Red June 

Winesap 

Winter Banana 

Wisner Sweet 

Wolf River 

Yellow Newtown 

Yellow Transparent 

Yellow Transparent Seedling 2575 

York 


Nine varieties of crabapples are also growing on the Gebhardt 
Farm: 


Dolgo Red Siberian 
Florence Transcendent 
Gold Whitney 

Hopa Yellow Siberian 
Hyslop 


The following additional varieties of apples are being grown on 
parts of the Experiment Station grounds, other than the Gebhardt 
Farm: 


Bay State Daniel’s Red Duchess 
Bennett Ensee 

Beitigheimer Evening Party 
Chautauqua Golden Delicious 
Clawis Golden Winesap 
Cobalt Granny Smith 
Columbia Joyce 
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Kildare Smith Cider 

Maiden Blush Sonora 

Medford Stinson 

Mendel Summer Extra 

Miltosh Summer Pearmain 
Monmouth Pippin Summer Pippin 

Muster Summer Pound 

Niobe : Sweet Nonesuch 
Patricia Turley 

Pedro U. S. D. A. Seedlings 2 to 14 in- 
Petrel clusive 

Red Rambo U. S. D. A. Seedling 16 


Most of the newer varieties of apples included in the above list 
have not yet fruited at New Brunswick. However, two varieties ; 
namely, Melba and Lobo, have fruited and are worthy of mention. 
Both are open pollinated seedlings of McIntosh originated at the 
Central Experimental Farm at Ottawa, Canada. 


Melba is a red striped apple, medium to above medium in size 
which ripens during the latter part of the Williams season and before 
Gravenstein. It is a smooth, bright, attractive apple resembling Mc- 
Intosh in perfume, flesh, and flavor, but not in general outward ap- 
pearance. It is of unusual quality for such an early apple, making 
it particularly desirable for local and roadside markets. It is too 
tender for distant shipment. The trees seem to be vigorous and pro- 
ductive and come into bearing early. , 


Two Liveland Raspberry trees in the variety orchard at the Hor- 
ticultural Farm top-worked to Melba in 1921 produced their first fruit 
in 1923. It was recommended for trial and since that time a con- 
siderable quantity of bud and cion wood has been distributed among 
fruit growers interested in testing the variety. 


Lobo is a red apple similar to McIntosh in size and shape, but 
darker in color. It does not have the characteristic flavor and aroma 
of McIntosh, but is a firm, crisp, juicy apple of high quality. It 
hangs to the tree better than McIntosh. The tree resembles McIn- 
tosh in shape, vigor, and productiveness. The chief value of Lobo 
seems to be the fact that it hangs to the tree better than McIntosh 
and colors up well enough to be picked earlier than that variety. 
It first fruited in the variety orchard on the College Farm in 1919, 
and was recommended for trial the following year. Bud and cion 
wood has been distributed each year to a considerable number of 
fruit growers and nurserymen. 


During the past year, several varieties have been removed from 
the variety orchards as unsuited for growing in New Jersey. Lack 
of quality and of productiveness and general inferiority to standard 
varieties of the same season were responsible for the removal of the 
following varieties : 


Rensselaer ‘Clinton 
Saratoga Otsego 
Broome Schoharie 
Nassau Westchester 


Montgomery 


bo 
%© 
> 
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Grape Investigations 
(HOE RCLARK 


Grape Pruning 
Pruning studies with the grape have. been carried on as outlined 
in last year’s report.’ It would seem desirable, however, to make 
no detailed report of progress until after the 1926 crop is harvested 
at which time three years’ results will be available for compilation. 


Grape Varieties 


The following varieties of grapes were planted on the Horticul- 
tural Farm during the spring of 1926: | 


America Lindley 
Armalaga Lucile 

Beta Manse 

Carman Mericadel 
Champion Pontiac 

Clinton R. W. Munson 
Daisy Worden 


Of the 17 varieties of vinifera grapes mentioned in last year’s 
report as being under test, the following came through the winter 
with practically no winter injury: Madeline Celine, Bellino, Black 
Monukka, Gros Sapot, and Chasselas Rose. These varieties are 
growing on their own roots and received no winter protection. 


Small Fruit Varieties 
Strawberry Varieties 


The varieties of strawberries fruited at the Horticultural Farm 
were described by Mr. J. Harold Clark as follows: 


The spring of 1926 was rather favorable for strawberry growth, but the 
beds fruiting this year were not in prime condition as they were set during 
the abnormally dry spring of 1925. The following descriptions, therefore, 
especially as regards plant characters of some of the new varieties, may have 
to. be modified after the varieties have been grown for a longer period at 
New Brunswick. The following varieties fruited for the first time on the 
Experiment Station grounds in 1926: Bun Special, Delicious, Dr. Burrill, 
Horsey, Jumbo, Magic Gem, Theodore Roosevelt. Additional varieties as 
follows were planted in 1926: Cooper, Mrs. A. F., and O. E. F. 

Of the newer varieties, Aberdeen is perhaps the most promising, its late 
season, productiveness, and attractive appearance making it desirable for 
home planting and for nearby markets. Howard 25 has quality, vigor, and 
productiveness and is desirable for home use for those who do not dislike 
its dark color. 


Aberdeen—Perfect. Plants numerous, may be too thick unless. spaced; 
vigor medium to above; small, very productive; leaves small to medium, 
mostly light green. Fruit medium to slightly above in size; conical to narrow 
wedge shaped; bright attractive red; apex colors well; seeds few to medium, 
greenish yellow to red, slightly sunken; flesh very light red; calyx adheres 
well; quality fair to good; season late. Productiveness and late season make 
it worthy of trial for both home and commercial planting. Too soft for dis- 
tant shipment. Plants secured from J. E. Kuhns, Cliffwood, N. J. 


1Report of the division of horticulture. N. J. Agr. Exp. Sta. Ann. Rpt. 
1925: 128-129. 
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Barrymore—Perfect. Good plant maker; vigor medium or below; not very 
productive. Fruit medium or below in size; conic to narrow wedge shaped; 
fairly attractive color; apex ripens fairly well; seeds few; yellowish to red, 
sunken except at apex; calyx adheres fairly well; flesh medium to dark 
red, lighter at center; quality poor to fair; midseason. Too poor in quality 
and not productive enough to be recommended. 


Bun Special—Perfect. Rather poor plant maker, fairly vigorous, moder- 
ately productive. Fruit medium size, conic to globose conic, color fairly bright 
red, a little too dark; apex ripens well; seeds few, sunken; flesh dark red, 
whitish around core; no distinctive taste, rather flat; fruit soft; early to mid- 
season. Plants secured from Baldwin-Whitten-Ackerman, Bridgman, Michigan. 


Chesapeake—A standard variety. Perfect; poor plant maker; vigorous; 
productive. Fruit medium size or a little above; conic wedge shaped; regular ; 
color bright red; apex colors well; seeds evenly distributed, raised; flesh 
light red; apt to be hollow at center; quality good; firm, midseason to late. 
Plants secured from the W. F. Allen Company, Salisbury, Maryland. 


Delictous—Perfect. Plants few; medium vigor; not exceptionally produc- 
tive; susceptible to a physiological spotting. Fruit medium size; narrow wedge 
shaped; bright red; apex colors fairly well; seeds greenish yellow to red- 
dish yellow; fairly numerous, at surface; flesh bright light red; quality very 
good; fruit firm; midseason. Plants secured from Baldwin-Whitten-Acker- 
man, Bridgman, Michigan. 


Dr. Burrill—Perfect. Plants numerous; vigor medium or below; not pro- 
ductive; many aborted blossoms. Fruit small, conic to narrow wedge shaped; 
a little rough; color medium red; seeds bright greenish yellow, few to 
medium, at surface or just below; flesh medium to dark red; not very firm; 
quality fair; midseason. This variety is very similar to if not identical to 
Dunlap. Plants secured from Baldwin-Whitten-Ackerman, Bridgman, 
Michigan. 


Eaton—Perfect. Fair stand of plants; medium vigor; not very productive : 
fruit stems short. Fruit medium size; conic to narrow wedge shaped; a little 
rough; color red; a little dark, apex seedy, not always coloring well; seeds 
numerous, greenish yellow to red, raised at apex, sunken at sides; flesh light 
red; quality fair; fairly firm, midseason; nothing outstanding about this 
variety. , 


Horsey—Perfect. A fair plant maker; vigorous; fairly productive. Fruit 
medium to large, broadly wedge shaped; a little rough; apex thick and usually 
indented; color fairly bright, deep red; seeds bright greenish yellow, few to 
medium, at surface; flesh dark red, fairly firm; quality poor to fair, early. 
Plants secured from J. Kiefford Hall, Reid’s Grove, Maryland. 


Howard 17 (Premier)—Perfect. A very good plant maker; vigorous: 
very productive. Fruit medium to above; conic; regular, large berries apt 
to have sunken place in each side; attractive bright red; apex ripens well, 
seeds bright greenish yellow, slightly sunken; flesh light red; quality poor 
to fair; very early; late pickings size up well. One of the best commercial 


varieties for New Jersey. Plants secured from W. F. Allen Company, Salis- 
bury, Maryland. 


Howard 25—Imperfect. Plants numerous; very vigorous; above average 
productiveness; fruit medium size to slightly above: conic. Rather smooth 
and regular; color dark red; unattractive; apex colors well: seeds greenish 
yellow, slightly sunken; flesh dark red; very good quality; very early; greatest 


drawback is the dark color. Plants secured from W. B. Howard, Belchertown, 
Massachusetts. 
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Hunterdon—Imperfect. Plants numerous; medium vigor; productive; sus- 
ceptible to physiological spotting. Fruit medium to large; conic but many 
berries irregular; color bright red, attractive; apex ripens fairly well; seeds 

bright yellowish green to greenish red; flesh light red; whitish core; quality 
- fair or a little below; rather soft; midseason to late. Plants secured from 
T. R. Hunt, Lambertville, New Jersey. 


Joe—A. standard variety. Perfect. Good plant maker; vigorous; produc- 
tive. Fruit medium to large; mostly roughly wedge shaped, some almost 
conic; attractive bright red color; apex apt not to color up well; flesh light 
red; light red to whitish core; quality very good; firm; midseason to late. 
Plants secured from the W. F. Allen Company, Salisbury, Maryland. 


Jumbo—Perfect fairly good plant maker; medium vigor or above; produc- 
tive; fruit very large; wedge shaped; rough, irregular, ridged; bright red; 
‘apex does not always color up well; seeds greenish yellow to red; numerous; 
raised slightly; flesh bright red; quality poor to fair; midseason to late. 
Plants securéd from.L. J. Farmer, Pulaski, New York. 


Lupton—A standard variety. Perfect. Plants numerous; vigorous; pro- 
ductive; not many berries per fruit stem. Fruit large; irregularly wedge 
shaped; bright, light red; apex does not always color well; seeds yellowish 
to red, raised; flesh light red, spongy; soon gets mealy; quality poor; large 
berries often hollow; late. Plants secured from the W. F. Allen Company, 
Salisbury, Maryland. 


Magic Gem—Perfect. ‘Fair plant maker, medium vigor; not productive; 
fruit small to medium; conic to oblate conic; fairly uniform; color an un- 
attractive red; apex colors well; seeds numerous, yellowish green to red, 
at surface; flesh light red; quality fair to medium; midseason. Plants 
secured from the R. M. Kellogg Company, Three Rivers, Michigan. 


Swect Belle—Perfect. Plants numerous; vigorous; not productive; many 
aborted flowers. Fruit small; globose conic, necked; light red; apex colors 
well; seeds medium number, yellowish to red, raised; flesh light red; quality 
fair to good, sweet when ripe; calyx separates readily from fruit; early. This 
variety has been discarded at the Experiment Station farm mainly because 
of its lack of productiveness. Plants secured from Preston Smith, Ashley, 
Ohio. 


Theodore Roosevelt--Imperfect. Plants numerous; medium to vigorous; 
productive; many berries per fruit stem. Fruit small, mostly narrow wedge 
shaped; a little irregular ; seeds numerous, raised, greenish yellow to red; 
Sesh very light red; calyx does not adhere tightly; quality fair; firm; mid- 
season to late. Plants secured from David Knight & Son, Sawyer, Michigan. 


Wyona—Perfect. Good plant maker; vigor medium; productiveness below 
medium; somewhat susceptible to leaf spot. Fruit medium size to slightly 
above; very irregular and rough; broadly wedge shaped; apex does not color 
well; seeds failing to develop form a small black mass at the tip; many 
berries hollow with hollow open to outside; color bright red; seeds numerous, 
yellowish to red, raised: flesh bright red; quality fair to good; very late. 
Plants secured from A. S. Johnson, Washington, D. C. 


g 


Raspberry and Blackberry Varieties 


The varieties of brambles formerly growing on the Wolpert 
Farm have been moved to Gebhardt Farm No. 2, since the latter has 


ExPERIMENT STATION REPORT 297 


been available for use by the department of pomology. The fol- 
lowing varieties are now being grown: 


Red Raspberries 


VARIETY | SOURCE OF PLANTS 
Herbertgeeretiiic. «so... | George B. Aiken, Putney, Vt. 
Cathangeeamen 0... ss | Samuel Fraser, Geneseo, N. Y. 
Redpacweee.e tes. s... | Samuel Fraser, Geneseo, N. Y. 

Newiiameeg .s+......-. | C. P. Newman, Ville Lasalle, Quebec. 
Newtnaneeo........ 0.8. | C. P. Newman, Ville Lasalle, Quebec. 
Marivarom?..........00% | George B. Aiken, Putney, Vt. 
Kieren | Baldwin-Whitten-Ackerman, Bridgman, Mich. 
Donbordeenn..... 2.502 | J. E. Kuhns, ‘Cliffwood, N. J. 

Gaitiieettic o.. «. f-caee | Baldwin-Whitten-Ackerman, Bridgman, Mich. 
Willett onc. ws nenee | Agricultural Experiment Station, Vineland, Ont. 
oad Gt ed) anne, oe | Carl A. Hansen Nursery, Brookings, S. D. 

i UG oe rn | Carl A. Hansen Nursery, Brookings, S. D 
Mae. on eee ee oa | Carl A. Hansen Nursery, Brookings, S. D. 
SDI OCLES SN eo. .4't an dase ae | Carl A. Hansen Nursery, Brookings, S. D. 
Sunbeam i). cic. Meee | Carl A. Hansen Nursery, Brookings, S. D 
SIT Hy Cane sya tote eas | Carl A. Hansen Nursery, Brookings, S. D 
SATO DE O-. oace eee as | Carl A. Hansen Nursery, Brookings, S. D 


Purple Cane Raspberries 


| George B. Aiken, Putney, Vt. 
 Brantes, tec. eee enn o | New York State Fruit Testing Cooperative Associa- 
Weeetions Genevay N.Y: 


Black Raspberries 


Uncle Tommie nee aluly Ry Hunt, Lambertyilles NJ O° = 
Blackberries 

Edward Langley ....... | United States Department Agricultural Introduction. 

Best -ofe All 8M) 0 wee 2 | Benjamin Barrett, Blue Anchor, N. J. 


Russell's -brid@ia ae: | J. Frank Russell, Sicklerville, N. J. 
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Report of Weather Observations 
CLARENCE H. STEELMAN 


The year ending June 30, 1926, was. the driest we have on rec- 
ord, the precipitation totaling only 33.73 inches. This is 13.71 inches 
below the normal of 47.44. The rainfall for the months of July, Au- 
gust, and September was only 9.85 inches. The normal precipita- 
tion for these three months is 16.14 inches. A very serious short- 
age of water for all purposes was caused by a warm and dry June, 
followed by this period of dry weather. 

The records show that the rainfall has been below normal for 
each of the past five years. The yearly average during this period 
was 39.62 inches, or 7.82 inches below normal. The precipitation 
records for this period show a shortage of 39.10 inches, which is 
almost equal to one year’s water supply. An unusually strong wind 
on October 10 caused serious damage by blowing off many winter 
apples. The wind was so strong that it blew off small branches as 
well as fruit, tore the leaves, and left the stems attached to the twigs. 
It was also very cold for early October, the minimum on: the tenth 
being 30° F., and the maximum only 51°. 

The spring was very backward and on June 30, the season is 
still about ten days later than normal. It was very cool and dry 
during March, April, May, and June. The mean temperature for 
these four months was 3° F. below normal. The precipitation was 
6.09 inches below normal. 

The greatest amount of rainfall in 24 hours was 1.51 inches on 
October, 25, 1925. 

There was 28.85 inches of snow during the winter, of this 
amount 23.7 inches fell in February. 

The mean temperature for the year was 50.40° F., which is 1.3° 
F., below normal. 

The last killing frost occurred on April 27, 1926, and the first 
killing frost occurred on October 24, 1925. 


Mean Temperature for 1925-26 Compared With Normal 


| ; ‘ 
a | on a, a is 3) Crs } Hi ue i“ = 
| Si2l\8)6lelA!8)2)\3)2 ae 
Mean Ht | | ; | | ie 
temperature | | | 
1025 3610 72.6/71.2/68.16[49.16 42.33133.8130. 79/29. 1135.6 46.7|59.9164.9 
Normal | | | | | | | 
mean | | | 


temperature |74.9|72.4|66.3 |55.4 [43.6 |32. |29.7 127.8138. 2/49.7162. 4168.8 
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Monthly Maximum and Minimum Means of Temperature for the 
Year Ending June 30, 1926 
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Daily and Monthly Precipiiation at the College Farm for the Year 
Ending June 30, 1926 
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REPORT OF THE VEGETABLE DEPARTMENT 


L. G. SCHERMERHORN 


The investigational projects of the vegetable department in 1925 
were continued with only a few changes. The fertilizer experiments 
with cauliflower formerly conducted on the farm of G. L. Fisher at 
Athenia, N. J., were transferred to New Brunswick, and were con- 
tinued here in 1925. 
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The sweet potato studies begun in 1921 were continued at only 
one point in the state in 1925, on the farm of Charles Underhill at 
Lakewood and will be discontinued during the season of 1926, as 
the work has gone as far as possible with field experiments. Dr. W. 
Rei Robbins will continue the sweet potato studies under controlled 
conditions in the greenhouses at New Brunswick to measure the in- 
fluence of potash and moisture upon the yield and shape of the sweet 
potato. 

During the year, a cooperative study was begun with Dr. G. T. 
Nightingale to determine under controlled and field conditions the 
optimum time for the application of nitrates to asparagus. 


Plant-Food Studies With Carrots 
Project 13—-Experiment 1 


The growing of carrots on one-half of this series of plots was 
continued in 1925 with the Chantenay variety. The seed for the 
carrot crop was sown June 18, 1925, in 6 rows 30 inches apart and 
the plants were thinned to stand 3 to 4 inches in the rows. Because 
of the extremely dry weather at planting it was necessary to make a 
second sowing of seed on July 12, 1925. The drought which con- 
tinued throughout the summer accounts for the smaller yields per 
acre obtained in 1925 as compared with 1924. 


TABLE 1 
Plant Food Studies With Carrots—1925 


Yields per Acre 


Plot Fertilizer Treatment |SeriesA|SeriesB, Average 

lbushels | bushels| bushels| tons 
Bs Ghheeki tees esters. ak ae od ee alae | 119.5 | 119.5 | 2.99 
Dt GOQ GAB SHA TPR © ERT OY otc city een One a 187. 110. sy Sha 
St SOMES, ON cain tcAt ie ai enh ale eae ae tae red 70. 97.5 3.75 V2 09 
ANOO0- Ths ASP Oss, oo ean th Lad eae srs | 11978 | 88.5 | 2.14 
5} COG ALP 2 EOD: RL Tr) seer Bost ire iar 96.- | 4131.5 | Tignes 
6) 800A. Po LOGS RGN: ayer, (ee cent ors wea 86. 119, 102.5 ohare 
711000 ALP 100) KET ie en eS ay kane oe nee 1032 116.5. | 109.75: |. 2.74 
8]. Cheek suey Vie nee Neti tL a een aes aoe 18, Zone 59 
9] C0GrAcP 200 KG EP ee ear 135.5 | 148.5 | 142, | 3.55 
10} 8007 ACP ZOO TCT oo a ae en Se ee P35. 150:5 |.142.75 Waray 
1d) 10000), Fe ZOO RCA A EE Beer meee 92.5 | 104. 98.25 Wi 2eae 
12}: 800 AP) 200K. C1 100 NaNO aw eee ae 204.5. | 247.5] 2564 16.40 
13}.800 A. Pi 206 C1 5200 VNa Niet aren oar 228.5) 2345") 230 ee 

14) 800 A-P. 200 KC1 150 NaNO, 3734 | | | 
(NH peSOga cia. URE Me a oe 206../11216.5 | 211 2e ees 

15] 800° ACP 200° K Ci 100NaNOs 775 | 
CN a Og to a Lo son raion ae 184.5 | 214. 199.25 | 4.98 
16| 800/ArP), 200°K Ck 4150" (Ny YoSOget oe alae a 1208. 172.75 | 4.32 
17/ 800 A.P. 100 KC1 150 NaNOg 150 Fish] 130.5 | 220. 175.25: 4336 
18} 800 A.P. 200 KC1 100 NaNOs 200 Fish| 157.5 | 226.5 | 192. | 4.80 
19| 800 A.P. 200 KC1 50 NaNOg 300 Fish| 186. 220. 203 ci pia 
20) 80" As Pe 1200 TG M400) Pista Sore oy sare 17125. | 226.5 )}- 1997 ne a7 
VAM Ol oVare) cere Peremn ee any ete Cy inate Uae TMG hy 46.5 47...) Aye aig atau 

22| 800 A.P. 200 KC1 100 NaNOs, 37% | | 
| (NH 2)s50 8 G00 ist areas ane 138-0 31 199 75) 168 7a 


*A.P.=Acid Phosphate. 
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The results indicate the relative importance of the fertilizing in- 
gredients used as follows: 


tors 
No’ fertilizer--weraceror all: checks. 2.0.5...) 0.0. eu Ped bees os pene 1.58 
$00: pounds pememcresencid. Phosphate... . 3... aswrweeeeeeiees ccc ls 2.09 
800 pounds per acre of Acid Phosphate, 100 pounds KCl ............ 2.56 
800 pounds per acre of Acid Phosphate, 200 pounds KCl ............ 3: 97 
800 pounds per acre of Acid Phosphate, 200 pounds KCl 
A) Seren ee Rte Sie coke oc salte sins a se Wipie'a, aoe du icnin SR Aa eh > 6.40 
800 pounds per acre of Acid Phosphate, 200 pounds KC1 
COOUR mR te, ce ess ay Ce nee cae Ree eee Pe eo ess 5.79 


These results parallel those secured in 1924. 
The complete records of the fertilizer comparisons with carrots 
at New Brunswick will be found in table 1. 


Celery 


The half of each of the plots in the tomato experiment which 
had been planted to carrots in 1924 was set with celery in 1925. 
' The area in celery on each plot was approximately 1/100 acre. 

Seed of the Golden Plume variety of celery was sown in flats 
in the greenhouse April 25, and the plants were later transplanted 
into other flats and spaced 2 by 2 inches. They were set in the field 
8 inches apart in, 3%4-foot rows. In harvesting, the plants were 
pulled, dirt was shaken from the roots, and only the dried leaves 
were broken off. A truer estimate of the value of the fertilizer 
treatments is obtained by this method than where the celery is closely 
trimmed. The results indicate the value of potash for this crop. 
Nitrate of soda proved to be the best source of nitrogen. 


Plant-Food Studies With Sweet Potatoes 


Project 15 


The fertilizer comparison with sweet potatoes in 1925 was car- 
ried on at the farm of Charles Underhill, at Lakewood, N. J. Studies 
relating to the influence of potash, phosphoric acid, and time of ap- 
plying nitrogen on sweet potato production were continued in 1925. 
The sources of potash compared in 1925 were muriate, sulfate, 
kainit, and manure salts. 

The results secured are similar to those of other years, although 
the effect of potash on yield is not so striking because of the very 
dry season and the difficulty experienced in getting a stand of plants. 
The rows were made up 3% feet apart and the plants set 18 inches 
apart in the rows. The plots consisted of 187 plants, or 1/40 of an 
acre. The plants were set May 18, and dug October 13, 1925. 

The yields indicate very clearly the necessity of securing a good 
stand at the first planting as the replants amounted to almost nothing 
and the yield is reduced proportionately. 

The influence of the potash on the shape of the sweet potato 
prevailed in spite of the unfavorable season. 


New Jersey AGRICULTURAL 


304 


6 col | Lk I Z S072 OF I 0 8Z1 | 6 0) | Math aloe SRG, Se MLO PLS, 8 Been hm 6,6 ese ee y 8, Olt ey us! le psa’ Wig ae~ Oe WISE s Aw Ss Sage e LSS NS) ysty OOT 
| *OS7(7HN) %LE “PONEN OOL TOM 002 “dV 008 | cz 
6"99 ras 6-cy 3 6/6 | ee Cee a ee air sau |. 12 
~ SLI | IZ'T 0° Fé 92'T ara) 1) ne ae ay ae ee eee GPa eas “""" YS OOF ‘TOM 002 “d'V 008 | 02 
ZL S61 col L912 6c 1 oe 7A Pies or ent ysig 00€ “SON®N 0S ‘TOM 002 “dV 008 | Ol 
eD0c 2 Se fT a 74 9S°T £°39T Cobo eS ee ust 002 ““ON®N OOL ‘TOM 002 “d'V 008 | 81 
Glce =e Peres 0°92 col ¢° S61 Chee te ao we ere ysty OO “ONP®N OST ‘IOM 002 “dV 008 | ZI 
L881 | 90 I £°S0z 00°T 0°CZ1 | Cee eo eee ee soe HOSS PERE) OST AIO 00e ~ ad. ¥.0084 OT 
0° 8IZ Zr 0°OIZ 6b I 6° S27 te Pa eee FOS*(FHN) cZ “ONRN 001 ‘TOM 002 {dV 008 | ST 
p87 | cbt o° $27 tome bp £€Z Sep a (OST IN) Fact ‘EON®N OST ‘TOM 002 “dV 008 | FI 
S Onze br ZL 0&7 cyt €°0SZ Cpe ges a Gee ee SONPRN 002 ‘IOM 002 “d'V 008 | &T 
Coc moe €°S0Z p71 8° 1SZ IST | ade ocak SP nee * SONP®N OOL ‘TOM 002 “dV 008 | ZI 
SP | S30 O'S 00°T 0°96 0Z'0 at gpieg atte ta ine AERO He Oe el ee ec pte Wer els Tene tie moans siseuelenish IDM 002 ane OOOL| II 
9'Orl | "07 E SOV 00°T O°] 00'°T ase er ae ee a ae eu SE. #6! e lems) le. 6 eed Ine. le le .omlw ie Wem an.e. TO he IOM 00Z ss Ba 008 | Ol 
9° 6¢1 | 96'0 SUTEyT 16'0 8 aval 00 I ele tind oaks ac ease teh ewe. lee alte. ce to) oI MaINN Ae. ey Sr tw haha es: ope sama mee ee gene IOM 00Z ap cae 009 | 6 
706 De S-T¢ He C- 6b | ASE SS aes 0b vial AF Oana ed PN Oe ing, SOR Pes ee soa) | 8 
8°06 6Z°0 GaG6 | 88 °0 0°98 0Z°0 Se sie: Gcaleas cris,» Lee: » Celle .e B56) Ciaads, DO Oe eee O eae |e Bs ‘Sd OOL id Vv “Sq] OOOT Ze 
Z 06 | 980 | £° 88 | 160 | 0°26 | 180 | Re a Gibe leliek bia Net apie: eM). 6 RAS 1049) /a" SORT ane) a RRA TCS IOM Sq] OOT fy Sq] 008 9 
9° $8 S60 CaG/ | 16° 0 | 9° 6 | 9/7°0 Ree ae Pes eS ee eae CP ee rer ere eo eps "Sd 00T. aes "sq] 009 c 
aw ee 6:09 ee ay, eas Oi eee, — pana ae eS bre tee tee ite ge Sy “Sd, OOOT! & 
0°S9 ee S°¢9 paar ¢°99 ee A ras Tare) <i o-4 lle Lojretce Seis (ehi6r Shaite 'n) * .4.-8i ‘2 oh eehe © os em Bs © we * Oem Y Weiss dV "Sq 008 5 
6' +6 | COT CI77, | rie 411 COT Se MA deere ooo 6. 6-8: 6) 8.8 Oe. 6 ee ke (6 8 6 Auewine ec ee FEROS CRD. Ob ORL dV "Sq] 009 Z 
3°08 c3°( 3-08 cg" 0 er neiey SS oe ee Mee re 2 eM eae ON on oe sau | I 
spunog | spunog | spunod | spunog | spunod | spunod | 
WO[q Jaq | HTeIS FO | JOT Jog | AIPIS FO| IOld 49d | AleS Fo | 
PIA PIAA PPA. IMA | PIPE MAY JUSUT}VITT, 1OZI[AIY | 10[q 
aseIOAVY | g Sottas | VY Salsas | 


SS ee ee 


(8V OOI/T) Id Pd WS M 


(BJO, OY PUL SATIS IQujoyIepY JO JYSIa\\ ssvloay ou} SUIMOYS 
C76] “YIumsunsg MaN—h4ajay YMA, SaIPNIS POO Iv} 


Z alavy, 


305 


EXPERIMENT STATION REPORT 


6/70) wr ie! en ea 0 


O29 Ss) ee) 6) O16 e: ere a 8 Scene -® 


S10 e010 0 16 


oe 0 6 @ #0 «© “« 


oe ew ew we 


eee 


ee acl aplg se sues 


oe Tehewne 


ore pi rie ces ss: 


eee ee ewe 


SONPN 0S 
SON®N 00€E TOM 00Z ‘“d’V 009 
"** €ON®N 002 IDM 002 ‘d’V 009 
SON®N O01 IOM 002 “d'W 009 
°° yseyog fo o9}ezins 


se ee eee eee eee ee 


op 6 ee 16 B 0 60 6.6 wus 6 oe i@ 16 (676, 


see ee ewe 


oe 6 6 © 8 es 


IDX OOF 


acer 


yurey 


We oie 6 Cpe e) erie, Bl SSNS cue. e 


= OP 99 0p op oF 

1 

oP OP Sop 

OF 09 0D 0 OF) SS OD OD 0 OD OF OD LM CO 


or omc 


‘dV 00€ 


Sq OOPT 
SI OOPT 
yey 


‘Sq OObT 


‘ST OObT 
‘ST OOPT 
Sq] OObT 
‘SI OOFT 
‘SI 002 


‘SqI 008T 


‘Sql OOPT 
“SGI OOPT 
‘SI OOPT 
‘SqI OOFT 
‘SqI OOPT 
‘ST OOPT 
‘Sq OOFI 


a1oy dod spyaryz 


P09 2 15 O° 00 Zeal 5 Sk b 661 €°ZL €°10z 
e-/8- |-¢ Ic—t .0°#8 bOI 9°06 £°ZOT 
EOC ES Pele GTI ar A | 0° 801 Z°90€ 
6°89 | 9°6IZ 6°62 6° 202 0°80T STZ 
CelGe ire 0 07 9° Pez Betts 9°61Z 
6¢9 | 9°90 T° 19 6° £1Z 8°99 bp’ 661 
Caey etl. Zs1tZ 6° @r S07 Leh 6 T€z 
St 1 9-02 6°29 S° 802 I+9 LECEZ 
Orr ta 2082 Z cS L°S6l 6°S¢ £°$9Z 
2591S" 10T 0°0z 8°SZT b°09 lpr 
9°99 | 2 SEZ ¢°89 b°¢£0Z 0°S9 0° 29Z 
Popee ia Ute. eo oe 9° 9€Z 9°£6 Z' Pec 
Eevee ac Sie 9°25 8° O8T 9°¢¢ 9° Sbz 
LRe eO2OPe biz €'Ibz 0°86 8° 0SZ 
Pee bec Sec 6'8Z 9°£0Z 8°S9 8° 2b~ 
PC6- 3) 0.162 186 b 602 Z°88 oe 
Spe 2-097 Roe S$ O¢Z 9°9¢ 6° 10¢ 
6°96 | Z°68I S66 1°99] b°Z6 CICTE 
SrEs= 1-1 S61 b°69 Z 861 9°16 I 261 
Higgs | soe 201 6°69 f° esl ¢°OZT jaa 
| 6°SST 0'8r Z°¢£0Z 0°ZOT Z S01 
S]aysnq | S]aYSng | S]aYypng | sjaysng | sjaysng S]aysng 
spuosssg| s}sinq | spuosag | sysitq | spuoseag | s}siiy 
ISCIIAV | q SatIas V Settas 


syuouyeeIyT 19ZI4194 


SZ6I ‘Aqun0y uvaIQ—sao0jnj0 J 1295 YY SaIpnIs poo.js-jUd] q 
¢ ATaVL, 


New JersEY AGRICULTURAL 


O 


wWIey Jadjo\ | 


CZ6I (YIIMSUNAT 02a N 


U1e yf AISIIIOW 


snboavds 7 Ys, Saupnys poor yung 
py adv, 


‘S91 | Secp | S66IT |) Zr9sz | 0'606 ‘ate eS Saag pee eee 7 ******dor9 JaA09 snourumMsaj-uou pue / yojd se aug | g 
Se oe opr 6 $S92 | List | z¥eol [oo "dor J9A09 snoupwunss] puke SuIIND Ja1ye p-8-p 

| | | spunod gogo, * (surids) p-g-p spunod Qgg pue suo} QT, oainueyy | Z 
5 4S0C . | O24 | SO8bT || ZI9zz | ZZ60I O'v9ZT |" BulyNd J91¥e p-g-p spunod Y¢/ pue Sursds ur suo} QT sinueyy | 9g 
0'ZS¢Z | Sth/ | S'ZOLT | 69922 Z'OSOT ZOIZI (Rosoerromcec et ae red ee 8 8ur}yn9 Jazze b-S-b 

spunod QQQg, pue (sutids) p-g-p spunod ggg pue suo} oinue | 
Se Er | | ee bint | see Pee 8 See CO ae 

| | 49}}2 [TY ‘p-S8-p Spunod Qos, pue surids ur suo} QT vinueyy | pf 
ace Or) | GLSPT | Picoe: || ZeLO1 | e'S6se be “*sulids ur TV “dV Spunod Q¢f pue suo} oy eimuew | ¢ 
eevee S787 | 02ST || Gerse | Ore6 | erst [777 * (ott sunind Joye SQONEN spunod 0¢z pue surids 

: | | | | 94} Ul SONPN Spunod Qc] ‘*q'y spunod (cz pue suo} gy oinuey | Z 
S°S/0Z | earerXe) OZLSFI | 0'8gez S'Ob6 | CIP eee ee a ae aCe eee PSO kL Rar a ee ra | suo} Q[—einueyy | I 

T2830] | spuosag | sysarq || yejoy, | spuosag | sysaty 
soyoung ‘q]-Z ul asoy tod p,x_ ||sayoung ‘q]-z ur a1ay tod p, x SJUIWI}CIT TL AJIZIIZII JOT d 


307 


EXPERIMENT STATION REPORT 


“ORE : SLS . WAS We : 5 rc - SECT AI HB GE)). cal % ‘suridg ¢ 
O'Ore {s aa E LS¢ 0 LLZ {0 SOF {s CLE | O'Z1 | L | 0°6 | § | Cie | a A ee Me 8) eep Rahat ecb (a ee spunod 
. . . “ne ZOLE O7S 1 eaes-o | 8 ‘aa i 904 | ¢ | $°9 | 6 O'rFL l ; S08 ¢ eee, 0 0.0 9) 0 9 0.18 Care © die eRe ele IITA L£-3°S spuno 
6-086 leet ae 80k CLbe eu p20, S| #26 ees Ci cee a OTS REL NP Cre oat GS pene eas Le of ie 
s‘z9¢ josoe |Zese |g9ce |OOre [Z'89¢ | Of | 6 | 0°01 Roh OS sta Se | 6 | ade 5 tek eg ne S1¥Q £-8°S nl Sain 
SZiIy |OSZl NEose {s*Zee |Z 19S |0'OZE- | OZ~ | O'OL. |-0'2 th 0 6 Or | 6 Se One a seadmoy 7-8-¢ spuno 
LOLZ. (S2ZSS01S 19S 1O'SSS TO LPP IL ESh iS rE) 9 = | 02 Gat, 0.6 Il c's IT ['''7'77* ST ysn3ny—yoxA Bursds {-g-¢ spunod 
Mocs, |Seze ae tye ie vss |Scoe (Tige | | 3 =| oF oa 0. BG sg | 6 ‘[tttctctttttt tt: GT asnany—sieo 7-3-¢ spunod 
S'ZZ¢ |O°S9E I|T'8Ih |O'Seb | Z°8Sh lO'SOS | 0°Z 6 OC Ta Ss E47 0 Pen cl r rererereees Cy Jsn3ny—seodmoy 7/-8-¢ spunod 
L€8z jooes |tsee |z:ste | S*zee |s*zoe | s'T | L O'F Sie de OFE LST =6 Oils stresses TQeN spunod QQOT pue £-8-S Aidala 
Lest [O°OST |9°26z2 |Z°sZz |S'1Op |s*TOr | Ser | 9 OCI 8 CLR Ome HS CL ah 6 - ame ee BPN PBC a Od cae Ue alas age 
ose |z-oze |sase |r zoe |O'0cr |Z'see | Ot | 8 | sor} s§ | re Sie es | ae OPO cen RMN ee, ok ee eer 
; i : - : 
1388 O-Obe L8lt bce 1908 Z-S0F "TT 6 fa 9 | ce | 6 | s¢ | OL | IOM spunod g9z “a'v spunod 09¢ "ONBN spunod 
o'sze |ztez |Z e9e lerce |s7se |s°ZTb | 0°9 6 | Clim Sra CET A-8 OZ fh OL y | es ee en ee SUL CM Var 826.e Panos 
7'962 |L°80€ Eee L'g9e Eete Is-Zzp | $9 L SLL.) yom 06 aes OTA OL ldap bot ac. eee aCe UL ry y-aer epee” 
o'ooe |s°esz looze Is'ote |o°Ore Is‘see | O'8 l OT LE 10:8 8 Colabien “fs Hates he + its? +) SEUICROL Ty os -8:0.spunoG 
lesz |9'Sbz (S962 este |O°OTE lO'ssE | ST L 4 a Orel aL O01 | 6 roreestessssss sss Quy suo} zg pue /-g-¢ spunod 
0062 |S'Zzz |O°OTE ee lo-oee |g:czr | OF L OT eo) Oe “8 0°6 SB) OT Shao %ss oe ee Say Ose, POE Bint Spulod 
s‘zt¢ 10062 |e°e0e |S‘zse |0°S6z reais Ost | <Z CHT eso | bs O'O SRO aoe Pete es aca Se MeL Ae eec aspen 
AN Ce ATAR Met AS ae eee pe GY | ST el 42 0S oo 0. aes SoG M3) OT Ra) NO' Se Ge ee ae ee eda £-8-S dibeet 
O'SZz |S°261 le16z lo'sgz |s"Zoe |Z:8Ze | OFT | 9 Oi "Fy al. OFT Et f Roe Neel ee einer fecie Aer cgi Rl Date 
Z°90€ |S°L8Z | vee ICSE eRe ote Ci vee STs |e 0€ LB S86 A G ONE Stee Ue. | Rete oa. one ae eee ge cb ae eee ae 
MISC Petree I LiCrs LOO") eee lS LEP-(eSrzi 1h] AO OSTEL OSH) S30L As 9 O° ter Ol see er ome eS 
z'tse losee |8 692 Iz'8ze |s'8se |s-7ze | Sr 9 0°9 abe pes ie - OT Rik eee ee syeS ainueyy /-8-¢ spuno 
o'sez |0°SL2 bee 9°SZE oe [Z:9ffer Otte S Orr | 9 | $9 9 G9 | 6 [rcct tt ttt tt tttttts syeg aimueypy ¢-g-¢ spunod 
O82 |O'SZ2 |2°262 eae cere |e cover. ee 6) Sem OFT | Og O tT Leg O'R. OL ae ae eee suman) J213V_ IY £-8-§ Spunod 
0°62 |2°902 Bae ert! ee Is‘zep | 0°9 i4 a4 ¢ | Ob | l | 06 | or |i 711 8unmD sy % ‘Buds % f-g-¢ spunod 
O'STEe [S212 1328s o'so¢e loose |s"Z6¢ | O'FT | l 0s cory” Coles OST 6 |p Summ) s°1FV FONEN> OS PEE e-8G Span 
G'Lbe |S72z |Zese lzZeze |0'09r lo'sze | ove | 9 a Or aleS Lom OF beoee Fe ier eee MR ARIE TE ef TS 
O'S82 |S°26T |ZE0E |Seze |S°7ze |S'ebh | O'BT | 9 Dt. & Ot Is’ O'R PET | eo” es Seis ie aero eee ee 
S7zz |o'OTe lo’sze |t'90€ |S"ZZe le°zor | O'fT | 9 0'+ | S eae 6 ae OT eg a ee Se, Ga at ee 
o'osz |z'992 |7"192 |9°00¢ |s°ezz2 lovsee | OF 9 SO Foot 0:81 | 9 O°... eB ata 0-8-¢ Sp 
‘sqv_| “sgt | ‘sar | ‘sq | ‘sar _| ‘sqr_| ‘szo | ‘sq | ‘seo | ‘sqt | ‘szo | ‘sqt | ‘sz0 | ‘sq7 | 
Spuz | sista spuzesssisp,) | spuze| sist | spuosag)=— | SAS41q spuos9g =| SSA 

GovugAy | jysatuac | yf sarags J saruas [I SdIaaS 


BwMOyY wad ATaIA 


LOTd wad AIAIR TWALY 


ANMTMOONODR 


id 


CZ6I ‘Aqunoy 4ajsagn0jy—snfosvdsp YyItf4 Saipniygs poo 1Uuv)J 
¢ alaV], 


308 New JERSEY AGRICULTURAL 


The complete results of the fertilizer comparison may be found 
in table 3. 


The greatest loss of plants was on those plots receiving Kainit 
and manure salts as a source of potash. On the Kainit plots, 60.4 
per cent were replanted; and on the manure salts plot, 41.7 per cent 
were replanted; whereas on the check plots, only 11.2 per cent were 
replanted; and on the no potash plot, only 18.1 per cent were re- 
planted. 


Plant-Food Studies With Asparagus 
Project 19 


Experiment 1—This series of plant-food studies with asparagus 
begun in 1922 on the Horticultural Farms at New Brunswick was 
continued in 1925. 


The decrease in yield noted on the plots where green manure 
crops have been sown in the asparagus over a 3-year period occurred 
again in 1925. 


The results secured in 1925 are given in table 4. 


Experiunent 2—The plant-food studies with asparagus in Glou- 
cester County were continued in 1924, and the first records were 
secured over a period extending from April 24 to May 30. The 
first full cutting season will be reached in 1926. 


The yields shown in table 5 show that the land on which the 
work is being conducted is very uniform—there being only slight 
differences in yields as might be expected at this stage of the experi- 
ment. The yields secured in 1925 will be found in table 5. 


Plant-Food Studies With Cantaloupes 
Project 20 


The cantaloupe studies in 1925 included (1) comparisons of 
plants started under glass with field planted plants and (2) fertilizer 
comparisons. 


The results secured in 1925 were similar to those secured in the 
three previous years, the veneer band plants beginning to pick 2 
weeks earlier than the plants from the field planted seed. The vari- 
ety used was Hearts of Gold. 


Table 6 gives fertilizer treatments and yields. The outstanding 
feature of the fertilizer study in 1925 is the fact that in the ex- 
tremely dry weather prevailing during the cantaloupe growing sea- 
son in 1925 the plots that have been receiving stable manure during 
the past four years showed an increase in yield over plot 9 which 
has been the outstanding treatment for the three previous years dur- 
ing which time we had a normal rainfall. 
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TABLE 6 


Cantaloupe Studies—1925 
Veneer Band vs. Field Planted Seed and Fertilizer Studies 


Method of ¥%-Bushel Baskets Per Acre 
Fertilizer Starting Series A Series B Average 
the Plants Tae [aha Ists | 2nds | ists | 2nds 
Veneer | | | 
Manure alone | pone: 257.7| 133.3] 281.0] 155.5] 269.5] 144.4 
Manure alone Planted | 169. o| 91. 9 s| 68. 6| 130. a| 80.2 
Veneer 
Manure and 500 pounds A. P. | Banded | 340.2| 131.01 17.5| 204.1| 258.8 167.5 
| Field | | | 
Manure and 500 pounds A. P. Planted | 1164! 125.8| 94.4} 153.5] 104.9 
Veneer 
Manure and 500 pounds 4-8-4 Bands | 951.5| 60.01 193.5| 119.3| 202.5| 89.6 
| Field | 
Manure and 500 pounds 4-8-4 Planted | 133.3| 59.5| 56.4 57.7| 94.8| 58.6 
Manure, 500 pounds 4-8-4 | Veneer | 
150 pounds NaNOsz side dressing Bands | sole yen 169.5 45.4 169.5] 93.4 
Manure, 500 pounds 4-8-4 | Field | | | | | 
150 pounds NaNOs side dressing Planted | 125.2| 84.8] 87.7] 60.6| 106.4] 72.7 
Rye and 150 pounds KCl, 450 A. P. | 
*250 tankage under hills | Veneer yt s| oy 5| tee OSD 3| pe 7| re 


| 
| 
100 pounds NaNOs, 100 pounds Fish Bands | 
Rye and 150 pounds KCl, 450 A. P. | | 


| | 
*250 tankage under hills | Field | | | 
100 pounds NaNOs, 100 pounds Fish | Planted SOS S2eO leno OVO lmeeolesl moose ln 4 ok 
*Plot, 9. 


Influence of Amounts and Time of Applying Nitrate of Seda 
to Peppers, Sweet Corn, and Tomatoes 


Project 25 


This series of fertilizer treatments started in the spring of 1923 
was continued without modification in 1925. These plots are located 
at New Brunswick and are 1/50 acre in extent, except the pepper 
plots, which are 1/100 of an acre. 

The varieties used in this experiment are Ruby King Pepper, 
Howling. Mob Sweet Corn and Greater Baltimore Tomato. 

The results secured in 1925 are given in tables 7, 8 and 9 


CABLES, 


Influence of Amounts and Time of Applying Nitrate of Soda on 
Ruby King Peppers—1925 


Sah ahenele YIELDS oF FRUITS PER ACRE 
z | Series A Series B | Average 
tons | count tons count | tons count 

CHECK | 3.125 | 43,550 | 2.744 | 38,350 | 2.934 | 40,950 
A.P. Potash Nitrate | | 
600 200 100 4.909 | 68100 | 4.115 | 62,800 | 4.512 | 65,450 
600 200 50* 5.28 | 58,550 | 4.9 | 62;900" | 5098 760,550 
300* 100* 50* 4.7 61,150 | 4.842 | 66,950 | 4.771 | 64,050 
600 200 i} 4.883 | 63,000 | 4.733 | 63,800 | 4.808 | 63,400 
600 200 Tove 5.597" 1°79-250' |) 525° 1"87,000 |. 5.423" 83,120 


*Applied 3 weeks after planting. 
7100 pounds nitrate 3 weeks after planting. 
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TABLE 8 


Influence of Amounts and Time of Applying Nitrate of Soda on 
Howling Mob Sweet Corn—New Brunswick, 1925 


YIELDS IN EARS PER ACRE 
Treatment Series A | Series B Average 

Firsts | Seconds| Firsts | Seconds| Firsts | Seconds 
CHECK be d/bOet + S450 enc 0500 4300 5125 4875 

A.P.. Potash Nitrate | | | | | 
600 200 100 L720 4050 8000 3850 7625 3950 
600 200 200 8150 4500 | 11150 | 2600 9650 3550 
600 200 300 8900 3800 | 9600 4400 9250 4100 
600 200 50* 6900 4400 | 7050 5300 | 6975 | 4850 
300* 100* 50* | 10000 2500 | 6750 6150 | 8375 4325 
600 200 a aha Fae 4150 | 5850° 6000 6675 5075 
600 200 150* 10100 3350 | 8650 4400 9375 3875 
CHECK 5250 4950 | 4700 6950 4975 5950 


*Applied 3 weeks after planting. 
7100 pounds nitrate 3 weeks after planting. 


TABLE 9 


Influence of Amounts and Time of Applying Nitrate of Soda on 
Greater Baltimore Tomatoes—New Brunswick, 1925 


YIELD PER ACRE 
Treatment 


SeriesA | SeriesB | Average 
tons tons tons 
CHECK 8.24 Sa7 7.00 
a oie Potash Nitrate 
600 200 100 1135 155 13.24 
600 200 200 14.96 20.84 17.9 
600 200 300 16.78 17.09 16.93 
600 200 50* 14.31 12.19 13:25 
300* 100* 50* 18.17 10.98 | 14.57 
600 200 7 iM ears 1172 11.74 
600 200 150* | We 15.60 16.41 
CHECK 7.09 9.33 8.21 


*Applied 3 weeks after planting. 
7100 pounds nitrate 3 weeks after planting. 


The Effect of the Size of Asparagus Roots Upon the Develop- 
ment and Yields of the Plants 


H. FJ UReEr 


An experiment was started at the College Farm in the spring of 1924 to 
compare the value for planting of asparagus roots of different sizes. The ex- 
periment was enlarged in 1925, and as the report of the work done in 1924 has 
not yet been published, it is included here with the records of 1925. 

In 1924 three grades of roots, firsts, seconds and culls, were selected from 
a lot of asparagus roots grown at the College Farm. The variety was the 
Atlock Farms Strain of Palmetto. Two hundred roots of each grade were 
planted in a row and spaced 18 inches apart. The three rows were spaced 
5 feet apart. Measurements were taken of the roots before planting, and the 
tops were measured at the end of the growing season. The results appear in 
table 1, together with the measurements made in 1925. 
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the experiment was enlarged in 1925 by making a similar planting of 3 
erades of roots of Washington asparagus adjacent to the plot planted in 1924. 
The results are also shown in table 1. Because of an error in the spacing of 
the roots of the second grade the results cannot be included. 

The experiment will be continued through the normal productive period of 
an asparagus bed in order to determine the effect on production. No definite 
conclusions can be drawn until after several commercial cuttings have been 
made. However, the results indicate that in the early growth of asparagus 
roots there is a greater difference between roots of the second and cull grade 
than between first and second grades. 


TABLE aL 


Growth Made by Asparagus Roots of Different Grades the First 
and Second Seasons—New Brunswick 


Palmetto 1924 Date Firsts |Seconds| Culls 
Weight of Root ounces| 4-1-24 2501) P36 06 
Number of Storage Roots erted=2arie 20.95.) lOsb Gh sV3.T 
Average Length of Storage Root inches| 4-1-24 6.3 57 vlan 9 
Number of Stalks per Plant 10-7-24 4.2 464): PRS 
Average Length of Stalk inches| 10-7-24 | 319 | 33.2 | 25.9 
Weight of Stalks per Plant ounces| 10-9-24 Ati “AO h(i 


| 
Palmetto 1925 


Number of Stalks per Plant 10-1-25 Sys 6.9 4.5 
Average Length of Stalk inches| 10-1-25 48.3 39.7 33.4 
Weight of Stalks per Plant ounces| 10-16-25 Ton W231 8.9 
Plants Remaining out of 200 10-7-25 196 199 181 


Washington 1925 


| 
Weight of Root ounces| 4-17-25 Zh lait 
Number of Storage Roots 4-17-25 30.8 Psd bepe es 
Average Length of Storage Root inches| 4-17-25 pet al Ren tak 
Number of Stalks per Plant 10-7-25 SY daa iia tees: 
Average Length of Stalk inches| 10-7-25 | 318 | Hees, 
We'ght cf Stalks per Plant ounces| 10-15-25 Glas) beaten yi 


Studies of the Growth Responses of Horticultural Plants, 
Associated Chemical Changes in Foods, and 
the Utilization of Nutrients 


G. T. NIGHTINGALE AND L. G. SCHERMERHORN 


__ About 7,000 acres of asparagus are grown in New Jersey yet there is much 
disagreement as to the time for application of nitrates. Some maintain that 
asparagus plants may not be able to use nitrates before green tops are present. 


During the winter and spring of 1926, asparagus plants were grown in the 
greenhouse in quartz sand culture and in solution culture. Part of the plants 
were subjected to continuous darkness and others to the seasonal light condi- 
tions as they occurred in the greenhouse. The plants in the light and some of 
them in the dark were given a complete nutrient solution containing nitrates, 


while others grown in the dark were given a nutrient solution containing no 
nitrogen. 


It has been found by several careful trials that an aliquot portion of an 
' asparagus root crown of about ten per cent may be removed for analysis while 
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the remaining 90 per cent may be used for ceperimmene purposes. Quantitative 
analyses have also shown that the 90 per cent and the 10 per cent factions are 
practically identical with respect to their percentage composition. Accordingly, 
the composition of asparagus crowns at the beginning of an experiment may 
be computed. 


On an absolute amount basis, quantitative data have been secured which 
would indicate that asparagus may not only take in nitrates in the dark, but 
that as long as there is a carbohydrate supply present, plants seem able to build 
up nitrates to higher forms of nitrogen, with an accompanying increase in 
yield of spears as compared to unnitrated series grown in the dark. 


The assimilation of nitrates seemed to occur as rapidly in the dark as in 
the light. Microchemical tests of plus nitrate series have consistently shown 
an abundance of nitrates in the fibrous feeding roots, with none at all, on 
extremely small amounts of nitrates, in the storage roots. The rapidly growing 
spears in the dark contained no nitrates, except occasional traces in the lower 
parts of the spears. There were no nitrates in the spears that were grown in 
the light except when vegetative extension was slowed up as by approaching 
maturity or cold weather, at which times there was an accumulation of nitrates 
in the tips and lower parts of the spears. 


At no time were nitrates found in any part of the minus nitrogen series. 
As would be expected, the growth of the minus nitrogen series was associated 
with a decrease in protein and an increase in nitrate-free soluble nitrogen, 
while in the plus nitrate series the growth was associated not only with a loss 
of protein, but apparently as well with synthesis of nitrates to other forms of 
nitrogen. In the dissection of the nitrate-free soluble nitrogen fractions, pro- 
teose, polypeptide, amide, amino, and humin nitrogen fractions were determined. 
Data and further discussion of these fractions will be given in another report. 


Analysis of the roots of the several series show, as would be expected, that 
there was a considerable loss of carbohydrates associated with growth of spears. 
It would seem particularly significant that there was a much larger loss of 
carbohydrates in the plus nitrogen dark series than in the minus nitrogen dark 
series. Presumably, the larger loss of carbohydrates in the plus nitrogen dark 
was due to the fact that the carbohydrates were used in the assimilation of 
nitrates. 


The carbohydrate fractions determined include total sugars, reducing sugars, 
sucrose, polysaccharides,t hemicellulose, and fat. These data and further de- 
tails concerning them will be given at another time. 


The experimental conditions obtaining, and the work of Lipman? and 
others, would seem to minimize the possibility of bacterial action affecting the 
results secured. In addition, the following observations would seem significant. 
Root crowns in plus nitrate solution culture grown in the dark and with tops 
removed daily had an abundance wf nitrates in the fibrous absorbing roots and 
none in the storage roots. These crowns, after thorough washing, were placed 
in distilled water, and frequent observations of all parts of many crowns showed 
that nitrates disappeared in about 2 hours at 20°C. Like roots at a temperature 
of 10°C. still contained traces of nitrates in the fibrous roots after about 12 
hours. That there was no loss of nitrogen from the roots was indicated by 
macrochemical analysis of the residual distilled water for total nitrogen, am- 
monia, and nitrate nitrogen. 


1Tauret, George 1909 The asparagus plant contains no starch, but contains an inulin- 
like polysaccharide, “‘asparagose,’”* which upon hydrolysis yields 9¥ per cent levulose and 7 
per cent glucose. Compt. Rend. 149:48-51. 

2Lipman, C. B., and Taylor, J. K. 1924. Do Green Plants have the Power of Fixing 
Elementary Nitrogen from the Atmosphere? Jour. Franklin Inst. 198:475-507. 


Report of the Department of Plant Pathology 
WiLiiam H. Martin 


The work of the department of plant pathology covered a wide 
range of activities during the past year. ‘The more important of 
these follow: 


(1) Most of the time ot the various members of the department was devoted 
to work on the research projects. Although no new projects were undertaken 
during the year, a number of changes were made in the old ones, a special 
effort being made to reduce their number by combining them whenever possible. 

A brief statement is given of the year’s work on some of the projects in 
the following pages of this report. In other cases, the data have been prepared 
for publication elsewhere and no mention need be made of them here. 

(2) During the year 6 technical and 38 popular articles were published by 
members of the department. In addition, a series of one-page leaflets on the 
common diseases of the important agricultural crops was started. Eight of 
these were prepared and a number of others planned. 

(3) The monthly publication of “Plant Disease Notes” was continued. 
This is sent to all extension workers and serves as an excellent medium whereby 
they may be kept informed of new developments in plant pathology. 

(4) Through the publication “Hints to Potato Growers” the department was 
able to keep before the growers the recent advances made in the knowledge 
of potato diseases and their control. 

(5) As in the past, the department cooperated with the State Department 
of Agriculture in the certification of white and sweet potatoes, corn and to- 
matoes. Considerable time was spent with the growers of seed potatoes in 
developing methods of improving their seed. 

(6) A number of additions were made to the Herbarium and the acquisition 
of a new room has greatly facilitated the teaching work of the department. 

(7) The department has engaged in numerous extension activities. Members 
of the department attended 30 meetings and addressed approximately 2,500 
persons. 

At the request of the county agents, a large number of personal visits were 
made ie farms to diagnose plant diseases and make recommendations for their 
control. 

The members of the department cooperated with the county agents in con- 
ducting seed source and variety test plots, seed-potato disinfection demonstra- 
tions, potato spraying, seedbed treatment and numerous other phases of plant 
disease control. 

During the year 13,000 pieces of mail consisting of letters, bulletins and 
circulars were sent out from the department. 


Needs of the Department 


The department was fortunate in securing some very excellent 
equipment during the past year. This consisted of new constant- 
temperature and paraffin ovens, as well as cabinets for class material. 
The addition of this new material will facilitate both the research 
and the teaching. We are still in need of constant-temperature ovens 
for the study of the influence of temperature on plant pathogenes, 
and particularly we should have apparatus for the regulation of soil 
and atmospheric temperatures in the greenhouse. 


SAS 
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NEW JERSEY PLANT DISEASES, 1925 


WiLtLt1AmM H. Martin 


The following report is a statement of the occurrence of plant 
diseases, together with observations on their prevalence and the losses 
they caused in 1925. The observations were made by the members 
of the department of plant pathology, and, while they are by no 
means complete for all plants, they may be considered fairly compre- 
hensive for the diseases of economic importance on the agricultural 
crops. In view of the close relationships of some of these diseases 
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Fic. 1. DervraTIons FROM AVERAGE —TEMPERATURE AND 
PRECIPITATION IN 1925 


with atmospheric conditions, the graph in figure 1 is included to 
show the deviations from average temperature and precipitation in 
the different months.* 

The year 1925 was warm and dry in New Jersey, the mean 
temperature being 0.4° F. above normal and the average precipita- 
tion 4.39 inches below normal. In June the mean temperature was 
73.6° F., over 5° above normal; this, coupled with the fact that the 
rainfall was slightly deficient, resulted in extremely unfavorable 
growing conditions. The potato crop was seriously injured and, 
while mosaic was apparently much less severe than in 1924 and no 
late blight and only a trace of early blight was observed, certain 


1This information was taken from “Climatological Data” prepared by G. 
Harold Noyes of the State Department of Agriculture, Weather Bureau, 
Trenton, N. J. 
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other diseases were much more prevalent. This was especially true 
of hopper-burn, leaf roll and. rhizoctonia. On the Jighter soil types 
in Burlington County, rhizoctonia cankers were very abundant, and 
in a number of instances the crop was practically ruined as the 
result of the presence of this disease. Leaf hoppers were present 
in large numbers and caused serious yield reductions in all parts of 
the state. 


The deficiencies in rainfall in March, April and May no doubt 
accounted for the fact that apple scab and black rot infections on the 
leaves of the apple were much less severe than in 1924; apple scab 
being almost entirely absent in orchards where the previous year 
nearly every fruit was attacked. The blossom blight form of 
peach brown rot was severe in some orchards; following this form 
of the injury, there was little more trouble experienced until late 
in the season when fruit rot appeared in poorly sprayed or poorly 
dusted orchards. 


Sweet potato scurf and stem rot were especially severe. Stem 
rot was first observed on June 5 and was soon found in all of the 
sweet-potato growing sections, the losses for the state amounting to 
30 per cent of the crop. Low temperatures in July and August with 
an excess of rainfall in July resulted in an unusual development of 
mildews on weeds, ornamental and crop plants. 


The estimated losses from plant diseases to field crops, including 
the potato, tomato and sweet potato, were 18.0, 18.5, and 35.2 per 
cent, respectively. In the case of the potato and tomato these were 
only slightly higher than in 1924, while the sweet potato losses were 
over twice as great. In the case of the fruit crops the disease losses 
were estimated as follows: apple 8.0 per cent, peach 8.0 per cent, 
bean 5.5 per cent, cherry 4.5 per cent, and plum 5.0 per cent. In 
every instance this was considerably under the estimated losses for 
last year. In the cereal crops the losses were estimated at 2 per 
cent for wheat, 2 per cent for rye, 2.5 per cent for oats, and 4 per 
cent for corn. 


Diseases Arranged by Hosts 


Alfalfa 


LeaF Spot (Pseudopeziza medicaginis [Lib.] Sacc.). Less than usual, but 
generally distributed. 

BacteriAL Bricntr (Bacterium sp.) Found in restricted areas on the College 
Farm. First report for this disease. 


Apple 

ae Rust (Gymnosporangium juniperi-virginianae Schw.). Less than 
usual. 

BrotcH (Phyllosticta solitaria E. & E.) First observed June 15 at Holmdel, 
generally prevalent and severe in some orchards, particularly on the Smith Cider 
variety. Loss for state estimated at 0.75 per cent. While the infection on the 
fruit was approximately the same as in 1924 there was a marked decrease in 
the amount of wood infection, due probably to the drought conditions. Spray- 
ing with bordeaux mixture gave 86.3 per cent clean fruit as compared with 
11.5 per cent on unsprayed trees and 48.1 per cent on those sprayed with con- 
centrated lime-sulfur, 1-40. 
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Birrer Pir (cause unknown). Observed on York Imperial, Northwestern 
Greening, Baldwin, Grimes and Delicious. 

ScasB (Venturia inaequalis [Cke.] Wint.): First observed May 15 on leaves 
at Vineland. Less than usual, being severe only in unsprayed or poorly sprayed 
orchards. Reported on Winesap, Rome Beauty, Paragon, Star, Smith Cider. 
In one orchard 35 per cent of the fruit affected on Winesap as compared with 
trace on Stayman. Losses for the state estimated at 4.0 per cent. At Moores- 
town, first discharge of ascospores took place on April 25 and the last on June 
10. Heaviest spore discharge occurred between April 25 and May 10. In this 
orchard the pink application was made on April 16. 

é WATER Core (cause unknown). Several reports of this trouble on Smith 
ider. 

Fruit Spot (Phoma pomi Passer). Much less than usual. In most cases 
the trouble did not show up until after the fruit was placed in storage. Time 
of infection studies indicated infection to take place early in the summer. Fruits 
bagged as early as May 21 showed some infection. Those bagged August 10 
showed 100 per cent infection. The use of Dry Mix following the regular spray 
schedule gave 16.9 per cent clean fruit, 56.6 per cent with 1 to 5 spots and 26.5 
per cent with more than 5 spots. Unsprayed trees showed 1.6 per cent clean 
fruit, 11.3 per cent with less than 5 and 87.1 per cent with more than 5 spots. 

Biossom Enp Ror (Alternaria sp.). Very severe in several orchards. In 
one orchard the Pippin showed 20 per cent fruit infected. Observed on Pippin, 
Ben Davis, Jonathan, Wealthy, Gravenstein and Winter Banana. A species 
of Alternaria was isolated and successful inoculations made. It is possible that 
the initial infection followed spray injury. ! 

Bitter Ror (Glomerella cingulata Stonem. Sp. and von S.). Of minor 1m- 
portance. 

Buiack Rot (Physalospora malorum |Pk.] Shear). Less abundant than 
usual. First observed on leaves on May 22. Very little rotting of the fruit 
observed. 

SUPERFICIAL BARK CANKER (Myxosporium corticolum Edg.). Reported 
from all parts of the state. Found on Rome Beauty, McIntosh, Twenty Ounce, 
Duchess, and Pippin. 

Crown Garr (Bacterium tumefacicns E. F. S. and Town.). Present but 
no unusual development of the disease observed. 

Fire Buieut (Bacillus amylovorus [Burr.] Trev.). First observed on June 
2. Less than usual. Only a trace in orchards where previously it had been 
severe. 

PowpEery MitpeEw (Podosphaera leucotricha [E. & E.] Salm.). Very 
severe on Rome Beauty in one orchard in Burlington County. 

Spray Injury. Generally distributed and very severe in some orchards. 
Observed in orchards sprayed with bordeaux mixture, drvy-mix sulfur-l'me, 
sulfur-lead-lime dust, and concentrated lime-sulfur. Calyx injury very common 
in some orchards. Severe leaf injury in others. 

Sun Scatp (high temperatures and drought). More prevalent than last 
year. 

Sooty BLotcH AND Fry Speck (Leptothyrium pomi [Mont. and Fr.] Sacc.). 
Reported from North Jersey where it is much more abundant than in the rest 
of the state due largely to the fact that the late summer sprays are frequently 
omitted. 

MEASLES (cause undetermined). Reported from Cape May County. 

JoNATHAN Spot (cause undetermined). Present but not serious. 


Asparagus 


Rust (Puccinia asparagi D. C.). First reported on June 16. Less abund- 
ant than usual. 
Witt (Fusarium sp.). Several reports. 


Aster 


Witt (Fusarium sp.). Several reports. 
YELLowsS (cause undetermined). Generally prevalent. 
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Bean 


Pop Bucur (Diaporthe phaseolorum [Cke. and Ell.] Sacc.). Reported, 
but not serious, on Limas. 

Rust (Uromyces appendiculatus [Pers.] Lk.). First reported on June 18, 
very severe in some plantings. 

Mosaic (cause undetermined). First reported August 28. Generally preva- 
lent but unimportant. 

ANTHRACNOSE (Colletotrichum lindemuthianum [Sacc. and Magn.] Br. and 
Cav.) Present but caused little damage. 


Beet 


Lear Spot (Cercospora beticola Sacc.). First reported June 14. Generally 
prevalent but not severe. 
Scap (Actinomyces scabics [Thaxt.] Gues). More abundant than usual, 
very severe in some plantings. 
Blackberry 


ANTHRACNOSE (Plectodiscella veneta |Speg.] Burk.). Commonly found and 
very severe in some plantings. 

ORANGE Rust (Gymnoconia interstitialis [Schlecht] Lagerh.). First ob- 
served on April 15 in Middlesex County. Generally distributed but not severe 
in commercial plantings. 

Lear Spot (Septoria Rubi Westd.). Observed on September 12 at New 
Brunswick. Not of economic importance this season. 

Mosaic (cause undetermined). Reported from all parts of the state. Owing 
to the drought conditions the typical symptoms did not appear until late in the 
summer. 

LEAL Curr (cause undetermined). Reported from all parts of the state. 


Box 


LeaF Spot (Macrophoma Candollii [B. and Br.] B. and V.). Noted in 
Monmouth County. 
Cabbage 


CLius Root (Plasmodiophora brassicae Wor.). Severe in seedbeds. 

Buack Lec (Phoma lingam [|Tode] Desm.). Less abundant than in 1925, 
but very severe on some farms. In one field plants of the Low Flat Dutch and 
All Season varieties from one seedbed were clean while plants from another 
seedbed were heavily infected. 

YeLLows (Fusarium conglutinans Woll.). One report from Camden 
County. 

LeaF Spot (Alternaria brassicae [Berk.] Sacc.). Noted but not severe. 
Largely confined to the outer leaves. 

Downy MiLpEw (Peronospora parasitica [Pers.] De Bary). Observed on 
seedlings in the coldframe in North Jersey. Every plant attacked. Spraying 
with bordeaux mixture (3-4-50) checked the development of disease. 

Brack Rot (Bacterium campestre [Pam.] E. F. S.) Present as usual, but 
not the cause of serious losses. 

Cantaloupe 

LeaF BuicHt (Macrosporiwm cucumerinum E. & E.). Less than usual, but 
common in some sections of South Jersey. 

Mosaic (cause unknown). Very prevalent throughout South Jersey. 

ANTHRACNOSE (Colletotrichum lagenarium [Pass] E. & H.) Reported on 
leaves, not severe on the fruit. 

Carnation 

Rust (Uromyces caryophyllinus [Schrank] Wint.). Severe in some green- 
houses. 

Catalpa 

Lear Spot (Phyllosticta catalpae E. & M.). One report from Monmouth 
County. 

Cauliflower 


Lear Spot (Alternaria brassicae [Berk.] Sacc.). One report, very severe. 


318 New JERSEY AGRICULTURAL 


Celery 
Earty BiicHt (Cercospora apu Fr.), Less prevalent than usual. 
Late Buiicut (Septoria apu Rostr.). Less than usual, but very common in 
North Jersey. Little damage resulted, however, largely as the result of its 


late appearance. 
YELLows (Fusarium sp.). Reported in the. seedbed in North Jersey. 


Cherry 

Brown Ror (Sclerotinia fructicola [Wint.] Rehm). Generally distributed, 
but much less severe than in 1925. Losses for state estimated at 4 per cent. 

Lear Spot (Coccomyces hiemalis Higgins). Generally distributed, but much 
less prevalent than in 1925 when many orchards were defoliated by the time 
the fruit was harvested. This year the disease was not noted until July 17 and 
was not commonly prevalent until after August 15. 

PowpEry MitpeEw (Podosphaera oxyacanthae [D.C.] De Bary). More 
abundant than usual. First noted on August 29. 

BLACK Knot (Plowrightia morbosa |Schw.] Sacc.). Generally distributed, 
but not serious. 


Chestnut 
Buicut (Endothia parasitica [Murr.] A & A.). Common. 
Chrysanthemum 
LeaF Spot (Septoria chrysanthemella Cav.). One report from Bergen 


County. 
Mosaic (cause unknown). Less prevalent than usual. 
Wit (Verticillium albo-atrum R. & B.). Reported from all parts of the 


state. 
YELLOows (cause unknown). One report from Middlesex County. 


Clover 

Rust (Uromyces sp.). One report from Mount Holly. 

Powvery Miupew (Erysiphe polygom D. C.). First reported May 15 from 
Burlington County. Generally prevalent, but less abundant than usual. 

ANTHRACOSOSE (Gloeosporium caulivorum L. Kirch.). Not previously re- 
ported. Observed May 15 on the College Farm in a clover variety test. Pres- 
ent on Italian Red Clover, none on the American varieties. 

Mosaic (cause unknown). Generally prevalent, but of little importance. 


Corn 
Root AND STALK Ror (Fusarium sp. and Gibberella sp.). Less prevalent 


than usual. 
Smut (Ustilago zeae [Beck.] Ung.). Generally distributed and more 


abundant than usual. 
PInK Ear Ror (Fusarium moniliforme Sheld.). Losses less than in 1925. 


Cucumber 
Witt (Bacillus tracheiphilus E. F. S.) Generally prevalent, but most 
abundant in South Jersey where it caused serious losses in some fields. 
Mosaic (cause undetermined). Generally distributed. 
Currant 
ANTHRACNOSE (Pseudopeziza Ribis [Kleb.]). Much less prevalent than in 


1924. Cause of little loss. : 
LeaF Spot (Mycosphaerella grossulariae [Fr.] Lind.). Noted, but not 


serious. 
Dahlia 
Mosaic (cause unknown). Generally distributed, severe in some plantings. 
Bup-rot (Botrytis sp.). Noted in Middlesex County. 
Dandelion 
. Ruse (Pucctnta taraxaci [Ruben] Plowr.). Very abundant in all parts of 
e state. 


EXPERIMENT STATION REPORT 319 


Miurpew (Sphaerotheca humuli fuliginia [Schl.] Sal.). Severe on commer-: 
cial plantings of dandelion in Northern Jersey. 


Eggplant 

Wut (Verticillium albo-atrum R. & B.). Generally reported. Less severe 
where green manures were plowed under or sulfur applications made. 

Frurr Ror (Phomopsis vexans [Sacc & Syd.] Harter). Less abundant than 
usual, but severe in some plantings. Dusting with copper-lime dust after fruit 
rot had started failed to check the disease. 

Gray Motp Ror (Botrytis cinerea (Auct.). Two reports. Cause of little 
damage. 

BacrertaL Sort Rot (Bacillus carotovorus L. R. J.). Very severe on Long 
Purple in one field where eggplants had been grown for 3 years in succession. 


Evening Primrose 

Miwwew (Erysiphe communis [Wallr.] Fr.). One report on August 14 from 

Middlesex County. 
Gladiolus 

Harp Ror (Septoria gladioli Pass.). Less than usual, but severe in -some 
plantings. Soaking 6 hours in the organic mercury compounds greatly reduced 
the severity of this disease. 

Golden Rod 

Tar Spor (Rhytisma solidaginis Schw.). Generally distributed. 

Mrpew (Oidium erysiphoides Fr.) First reported August 6 from Mid- 
dlesex County. More abundant than usual. 


Gooseberry 


ANTHRACNOSE (Pseudopesiza Ribis Kleb.). Less than usual. 
Lear Spot (Septoria Ribis Desm.). Not important. 


Grape 
Downy Mivpew (Plasmopara viticola [B. & C.] Berl. and de Toni). 
Severe in some vineyards. 
Buiack Rot (Guignardia bidwellii [Ell.] V. & R.). Less prevalent than 
usual; of no importance on sprayed vines. 


Hawthorne 


Rust (Gymnosporangium germinale [Schw.] Kern.). One report from 
Monmouth County. 
Hollyhock 


Rust (Puccima hibisciata [Schw.] Kell.). Less prevalent than usual. 


Horse-Chestnut 
Lear BiotcH (Guignardia aesculi [Peck] V. B. Stewart). Less than usual 
but severe in some localities. 
Horse Radish 
Root Rot (Bacterial). Reported from North Jersey, but not severe. 


Brack Motp (Alternaria herculea [E. & M.] J. A. E.) Present, but not 
severe. 


Indigo 


Miupew (Erysiphe communis [Wallr.] Fr.). One report from Middlesex 
County. 


Laurel 
Lear Spot (Cercospora kalmiae E. & E.). One report from Middlesex 
County. 
Lilac 


PowvEryY Mitpew (Microsphaera alni [Wallr.] Wint.). Less than in 1925 
and not common until late in the season. 
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Lettuce 
Drop (Sclerotinia Minor Jagger—Sclerotinia libertiana Fuckel). Very 
severe in some fields in South Jersey. Appeared late in the summer. 
Gray Mop (Botrytis cinerea Auct.) Severe in some coldframes in North 


Jersey. 
Tip Burn (cause unknown). More abundant than usual, Very severe in 


some of the southern counties; in one field of 10 acres, every plant was ruined. 
Root Knot (Nematodes). One report from Bergen County, 5 to 10 per 
cent infection in one field. 
Lima Bean 
Downy Mivpvew (Phytophthora phaseoli Thax.). Less abundant than usual. 
First noted on September 2 in Mercer County. Because of its late appearance 
it caused little loss. 
Maple 
Lear Spot (Phyllosticta acericola C. & E.). One report from Monmouth 
County. 
_ May Apple 
Rust (Puccuua podophyllis Schw.). One report from Somerset County. 


Morning Glory 
Wuite Rust (Albugo tpomoea-panduranae Schw. Swing.). One report 
from Middlesex County. 
Lear Spot (Cercospora alabamensis Atk.). One report from Middlesex 


County. 
Oak 


Buicut (Gloeosporium nervisequum [Fck.] Sacc.). Less than in 1925, but 
more abundant than usual. First observed May 15 from Gloucester County. 


Oats 
Crown Rust (Puccinia coronata Cda.). Generally distributed, but not the 


cause of serious losses. 
Smut (Ustilago avenae [Pers.] Jens.). Severe in some localities. Loss for 


state estimated at 2 per cent. 
Okra 


Witt (Verticillium albo-atrum R. & B.). This disease was again very 
severe this year. A variety test conducted on a wilt infested soil showed none 
of the varieties included to be resistant. 


) Parsley 
Late BuicHt (Septoria petroselini Desm.). One report from Sussex County. 


Parsnip 
Lear BiicHt (Cercospora api pastinacae Farl.). One report from Mon- 
mouth County. 
Pea 


SEED AND SEEDLING Rot (Pythium sp.). Less prevalent than usual. 

Root Ror (Aphanomyces euteiches Drechs.). Less than usual, but present 
in many of the fields. Some fields showed 100 per cent infection. Losses for 
the state estimated at 2 per cent. The disease was first noted on May 15 and 
did the most damage between June 1 and 15. Canada field peas proved to be 
very susceptible and Winter Vetch slightly susceptible in greenhouse tests. 

Buicut (Ascochyta pisi Lib.). Leaf and pod blight very rare this year, but 
the root rot stage was unusually severe. Infection probably resulted from 
planting diseased seed. 

Mosaic (cause unknown). More abundant than usual. Apparently increas- 
ing yearly. As many as 60 per cent of the plants were affected in one small 
planting. The Alaska variety apparently less affected. 


Peach 
Morte Lear (cause unknown). Reported from Monmouth and Cape May 
counties. . 
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BacteriAL Spor (Bactertum pruni E. F. S.) Generally distributed throughout 
South Jersey. Less prevalent than in 1925, but common in some orchards. 
Most abundant on the Hale variety. 

Lear Curt (Exoascus deformans [Berk.] Fckl.). Less important than 
usual. First reported on May 15 from Cumberland County. 

Brown Ror (Sclerotinia fructicola [Wint.] Rehm.). Less than in 1925, 
but slightly more than usual. Severe blossom blight form of the injury in 
Burlington County. The disease was also the cause of serious fruit rotting in 
some orchards. Losses from the state estimated at 4 per cent. 

ScaB (Cladosporium carpophilum (Thuem). Less important than usual. 
Very little found in orchards dusted with sulfur lime dust. 

Lirtte Peacu (cause unknown). About the same as usual. 

YeELLows (cause unknown). No serious outbreak, but common in the 
vicinity of Vineland. 

Spray Inyury (excess of arsenical). Much less abundant than in 1925 
due to the fact that smaller amounts of arsenical were used. Where 1 pound 
of arsenate of lead in dry-mix was used no burning resulted; where this amount 
was increased to 1% pounds, injury resulted. 


Pear 
Buicut (Bacillus amylovorus [Burr.] Trev.). Generally distributed, but 
less prevalent than usual. 
Lear Bricut (Fabraea maculata [Lév.] Atk.). Less prevalent than usual. 
ScaB (Venturia pyrina Aderh.). Unimportant. 


Pepper 
Brack Motp (Alternaria sp.) One report from Gloucester County. Not 
severe. 
Mosaic (cause unknown). Generally prevalent, but not severe. 


Plantain 


Minpew (Sphaerotheca castagne: Lév.). More abundant than usual. 
StimME Moxtp (Physarum cinereum [Bat.] Pers.) One report on August 8 
from Gloucester County. 
Plum 


Brown Ror (Sclerotinia fructicola [Wint.] Rehm.). First report August 
10 from Middlesex County. Prevalent, but less severe than last year. 

Buack Kwnor (Plowrightia morbosa [Schw.] Sacc.). Several reports from 
different parts of the state. 


Potato 


Late Buicut (Phytophthora infestans |[Mont.] De B.). Seed potatoes 
showing the typical tuber rot were planted, but the disease was not observed 
on either the early or the late crop. 

Earty Buicut (Alternaria solani [E. & M.] J. & G.) Less than usual, 
much less than in 1925. Largely confined to South Jersey. First report July 1 
from Cumberland County. Losses very slight. 

Hoprer Burn (Leaf Hopper). More prevalent than usual. Present in all 
parts of the state. Some fields observed where 95 per cent of the leaves were 
killed by this insect. Losses for the state estimated at 5 per cent. Hopper-burn 
was readily controlled by spraying with bordeaux mixture. 

SPINDLE TUBER (cause unknown). General throughout central and southern 
Jersey. Loss for the state 1.5 per cent. The planting of certified seed greatly 
reduces the loss from this disease. 

Lear Rott (cause unknown). Generally distributed throughout the state. 
In some fields 90 per cent of the plants were affected. Losses for the state 
estimated at 6 per cent. 

Mosaic (cause unknown). Much less prevalent than usual. On the early 
crop the symptoms were obscured due to the drought conditions. On the late 
crop the usual amount was observed. 

STEM Ror, etc. (Corticium vagum B. & C.). More than usual. Stem canker 
form very severe on light sandy soils in Gloucester, Burlington and Camden 
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counties. In central and southern New Jersey, on the heavier soils, there was 
no more than usual. In many cases the plants were attacked before coming 
through the ground; in some fields 75 per cent of the plants were affected and 
the crop was plowed under. Loss for the state estimated at 3 per cent. The 
perfect stage of the organism was found on stems collected at Robbinsville in 
June during drought conditions. 

Common Scazs (Actinomyces scabies [Thax.] Gues). More than in 1925. 
In some fields 20 per cent of the crop was unsalable. Estimated loss for the 
state 4 per cent. 

Buack Lee (Bacillus atrosepticus van Hall). Less than usual—only a few 
eae plants observed. First report on June 8 from Mercer County. Losses 
slight. 

Wut (Fusarium oxysporum Schl.). Less than in 1925. Losses small. 

SILVERY ScurF (Spondylocladium atrovirens Harz.). Rather general on the 
late crop in South Jersey. 

Prune 

Brack Knot (Plowrightia morbosa [Schw.] Sacc.) One report from Ber- 
gen County. 

Quince 

LeaF Buicut (Fabraea maculata [Lev.] Atk.). Of little importance this 
year. 

Fire Buicut (Bacillus amylovorus [Burr.] Trev.) Present, but not severe. 

Crown Gay (Bacterium tumefaciens [E. F. S.] Town.). One report from 
Union County. 

Ragweed 


MiLtpew (Oidium ambrosiae Thuem). One report from Middlesex County. 


Rubber Plant 
Lear Spot (Leptostromella elasticae E. & E.) One report from Essex 
County. 
Rutabaga 


ScaB (Actinomyces scabies Thax.). One report from Monmouth County. 


Raspberry 


ANTHRACNOSE (Plectodiscella veneta [Speg.] Burk.). Generally distributed, 
baad severe in some parts of South Jersey. First observed May 19 in Atlantic 
ounty. 
Mosaic (cause undetermined). Less prevalent than usual, probably due to 
the fact that the symptoms were masked by the high summer temperature. 
LEAF Spot (Septoria Rubi Westd.). Present, but comparatively unimportant. 
First observed in Middlesex County on August 1. 


Rhododendron 


Lear Spor (Pestalozzia guepini Desm.). Severe in plantings in South 
Jersey. Also reported from Hudson County. Also severe as a graft canker. 


Rhubarb 
LeaF Spot (Ascochyta Rhei E. & E.). Generally present, but not severe. 


Rose 


Root Gatut (Nematodes). Heavy infection on roots of plants. from nursery 
in Monmouth County. 

Buack Spot (Actinonema Rosae [Lib.] Fr.). Less than usual. 

Powvery Minpew (Oidium leucocontum Desm.). More abundant than usual. 

Cane Buiicut (Coniothyrium fuckelu Sacc.). One report from Passaic 
County. Severe in some nurseries in the vicinity of Red Bank. 

Crown GALL (Bacterium tumefaciens [E. F. S.] Town.). General, but not 
severe. 

Rye | 


Lear Rust (Puccinta dispersa Eriks). Prevalent, but of little importance. 


. 
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Snapdragon 


Wut (Verticillium sp.). Two reports from Mercer and Morris counties. 
Rust (Puccima antirrhim D. & H.) One report from Middlesex County. 


Spinach 
Downy MiLpew (Peronospora effusa [Grev] Rabenh.). Less than in 1925, 
but severe in some fields. _ 
BiicHT (cause undetermined). Severe in some plantings in North Jersey. 
Virginia Savory very resistant. 
Squash | 
Miwew (Erysiphe polygoni D. C.) Prevalent in all parts of the state. - O'f 
minor importance. 
Strawberry 
Lear Spot (Mycosphaerella fragariae [T. & S.] Lin.). Less than usual, 
but prevalent in all parts of the state. 
Brack Roor (cause undetermined). Observed in all parts of the state. 


Sweet Pea 

Root Ror (Thielavia basicola |B. & Br.] Zopf.). One report from Essex 
County. 

Crown GALL (Bacterium tumefaciens E. F. S. & Town.). This is the first 
report for this disease. Reported for two years in a greenhouse at Clinton. 
Fasciations produced on the stems near the surface of the soil. 

Powpvery MiLpEw (Microsphaera alni [Wal.] Wint.).. One report from 
Middlesex County. 

Sweet Clover 

Lear Spor (Ascochyta meliloti [Trel.] Davis). One report from Middlesex 
County. 

Sweet Potato 

Biack Ror (Sphaeronema fimbriatum [E. & H.] Sacc.). About the same 
as in the average year, but comparatively unimportant. This disease is being 
largely eliminated through seed selection and clean plantbeds. Losses for the 
state estimated at 2 per cent. 

Sort Ror (Cystospora batata [Ells. & Hals.] Elliott). More abundant than 
usual. First observed on May 28. Found on 80 per cent of the fields examined. 
In some the losses were negligible while in others the crop was a complete 
failure. Especially severe where alfalfa was planted in the rotation and the soil 
heavily limed. Losses estimated at 5 per cent. 

ScurF (Momlochaetes infuscans E. & H.). Present in 50 per cent of the 
fields examined, but the percentage of infection was much less than in previous 
years. 

Lear Spot (Septoria bataticola Taub.). Observed in only a few fields and 
of little importance. 

STEM Rot (Fusarium batatatis Woll. & E. hyperoxysporum Woll.). Losses 
greater than usual. First observed on June 5. Losses for state estimated at 
30 per cent. The Red Brazil, Yellow Yam and White Yam varieties which 
were not affected by this disease in former years showed some infection this 
year. 

DAmpInc-orF (Sclerotinia sp.). Observed on the sprouts in one seedbed. 

Mortite Necrosis (cause unknown). Not as severe as in 1924, but 30 per 
cent of the potatoes were affected in some fields. 

Waite Rust (Albugo ipomoeac-panduranae [Schw.] Swing.). Prevalent 
wherever sweet potatoes were grown, but the cause of little damage. 


Sycamore 


Buicut (Gloeosporium nervisequum [Fcl.] Sacc.). First reported on May 
27 from Camden County. Much less than in 1924. 


Tomato 


Mosatc (cause unknown). More abundant than usual. 
Witt (Fusarium lycopersici Sacc.). More prevalent than usual. Losses for 
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the state estimated at 10 per cent. The disease was most severe on the lighter 
soil types. 

ee Bucut (Alternaria solani [E. & M.] Jones and Grout). Less than 
usual, the cause of only slight losses. 

Cottar Ror (Macrosporium sp.). Reported in May and June from plant 
beds in Camden, Burlington, Salem and Cumberland counties. In a number of 
cases every plant was affected. When the diseased plants were set in the field 
they broke off at the lesion. Where the plants were set deep little difficulty 
was experienced. 

Lear Spot (Septoria lycopersici Speg.). Less than usual. First appeared in 
June on the early crop, but was checked by the hot dry weather. Again ap- 
peared late in September but was too late to result in serious losses. Estimated 
loss for the state, 3 per cent. : 

ANTHRACNOSE (Colletotrichum phomoides [Sacc.] Ches.). Much less than 
usual. : 

Sort Rot (Oospora lactis parasitica P. & P.). Very severe in sections of 
Burlington County following spray injury. 

, Lear-Motp (Cladosporium fulvum Cke.). Reported from several green- 
ouses. 


Tulip 
Gray Morp (Botrytis sp.) One report from Cumberland County. 
Turnip 
Scas (Actinomyces scabies Thaxt.). One report from Monmouth County. 
Walnut 


Lear Spot (Marssonia juglandis [Lib.] Sacc.). Reported from northern 
New Jersey. 
Watermelon 
Wir (Fusarium vasinfectum Atk.). First reported July 29 from Burling- 
ton County. Less prevalent than usual. 
ANTHRACNOSE (Colletotrichum lagenarium [Pass.] E. & H.). First reported 
August 20 from Burlington County. Severe only on late maturing crops. 


Wheat 


Bunt (Tilletia laevis K.). Very heavy infection observed in one field 
in Middlesex County. 

ScaB (Gibberella saubinetti [Mont.] Sacc.). Generally prevalent, but not 
severe. 

Lear Rust (Puccinia triticina Eriks.). Generally distributed, but not the 
cause of serious loss. 

Loose Smut (Ustilago tritici [Pers.] Rostr.). Loss for the state estimated 


at 1 per cent. 
Wild Lettuce 
MivpeEw (Sphaerotheca castagnei Lev.). One report from Middlesex 


County. 
Wild Lupine 


Mivwew (Erysiphe communis [Wallr.] Fr.). One report from Middlesex 
County. 


POTATO SPRAYING IN 1925 
WittiamM H. Martin ann L. GRAHAM CAMPBELL 


The spraying tests with potatoes were continued this year in central and 
southern New Jersey. The season was very dry and no late blight was ob- 
served. There was only a trace of early blight and this largely confined to 
the lower leaves of the plant. Leaf hoppers were abundant, however, and 
resulted in the early death of the plants in the plots sprayed with an insecticide 
only. This insect has become very prevalent and the losses from it the past 
three years have been much greater than from either early or late blight. 

Spray tests were started on the J. Harry Kandle farm at Elmer in 1913, 
and have been continued since then, or 13 years in all. The results have led 
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to a general adoption of spraying in Salem and Cumberland counties on the 
commercial crop and particularly on the late crop grown for seed. The value 
of spraying the latter crop has been so conclusively demonstrated that in the 
future potatoes will not be certified unless they have been thoroughly sprayed. 
In central New Jersey the adoption of spraying has by no means been so genera! 
as is the case in the southern part of the state, but each year more growers 
realize its value so that there is little question but that before long the spray- 
ing of the potato will be a common practice. Sufficient evidence has been 
accumulated to demonstrate conclusively that spraying will result in increased 
yields of potatoes, but it was considered advisable to continue these tests in 
order to have additional evidence and particularly to determine if environmental 
conditions influenced the results which might be expected to result from 
spraying. ; 
Test on the J. Harry Kandle Farm 


In this test, with the Irish Cobbler variety, a comparison was made of 
55-50 bordeaux mixture applied at approximately 10-day intervals with a 
10-10-50 mixture applied at intervals of 20 days. In both cases the bordeaux 
was made up with high-grade stone lime. The spray applications were made 
with a sprayer equipped with 3 nozzles per row which sprayed 4 rows at a time. 
The material was applied at a pressure of 175 pounds, and 100 gallons were 
applied per acre in every case but the first application, when approximately 
75 gallons were used: 

The first spray was applied on June 8 when the plants were about 6 inches 
high. At this time the plants were growing vigorously and no signs of insect 
or fungus injury were apparent. The remaining applications were made on 
June 17 and 29, and July 9 and 23. The plots receiving the 5-5-50 mixture 
were sprayed on the dates indicated above, or five times in all, while those 
receiving the 10-10-50 application were sprayed on June 8 and 29 and July 23, 
three applications in all. 

The experimental area, which was without marked irregularities, was 
divided into plots each four rows wide and so arranged that a check plot 
alternated with two treated plots. The check plots were sprayed with arsenate 
of lead at the first application and the poison was likewise added to the bordeaux 
mixture. In the absence of the Colorado beetle no additional applications of 
arsenical were made. The various treated plots were replicated 5 and the check 
plots 6 times. Yield records were obtained on the two center rows of each 
plot, the area of the plots as harvested being approximately 1/40 acre. The 
different plots were harvested on August 12 and 13. 

At various times careful observations were made on the condition of the 
plots in regard to general vigor and freedom from insect and fungus attack. 
Little difference was observed during June, but on July 9 the check plots showed 
considerable leaf hopper injury, while the sprayed blocks showed only a trace. 
On July 23 the counts were made of the number of dead leaves on every fifth 
plant in one row of each of the plots. In addition, a representative sample of 
the green leaves was collected and counts made of the number of flea beetle 
punctures. In collecting the leaf samples one lot was taken from the lower and 
another from the upper part of the plant. 


The results of these observations are presented in table 1. 


‘PABER 


Yield Per Acre, Number of Dead Leaves and Flea Beetle Punctures 
on the Various Treatments 


Treatment | Bacld per Dead leaves fal a a Nh 
Acre — | Lower leaves | Upper leaves 
bu. per cent 
Check | 78.0 47.9 165.0 146.6 
5-5-50 | 130.8 3 89.2 78.8 


af 
+ 10-10-50)... ho. t. 119.0 | 5.3 | 122i0 69.0 
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As previously indicated, most of the killing of the leaves on these plants 
resulted from the activities of leaf hoppers. It will be seen from the data 
in table 1 that the injury from this cause was greatly reduced on the sprayed 
plots. 

Only slight differences were noted between the plots sprayed with 5-5-50 
and those sprayed with 10-10-50 bordeaux mixture. It will be observed that 
regardless of the treatment the older leaves collected from the base of the 
plant showed more flea beetle punctures than the younger leaves. This is as . 
would be expected, since the older leaves were exposed to attack for a longer 
period of time. In case of both the old and the younger leaves, particularly 
the latter, there was a considerable decrease in the number of punctures on the 
sprayed as compared with the unsprayed plants. On the old leaves the 5-5-50 
application afforded much better protection against flea beetles than did the 
more concentrated spray mixture. On the younger leaves, however, the latter 
material gave slightly better results. This difference is probably due to the fact 
that the new growth was better protected in the early season by spray applica- 
tions made at 10 rather than at 20-day intervals. Later in the summer when 
fewer new leaves were being formed the applications made at the longer inter- 
vals were sufficient to maintain a coating on the leaves. 


After July 23 the check plots went down very rapidly while the plots 
sprayed with 10-10-50 bordeaux mixture showed but little more injury than 
did those sprayed with the 5-5-50 mixture. 


The yields of the various plots are shown in table 1. It will be observed 
that the average yield of the check plots was 78 bushels as compared with 
130.8 and 119.0 for those sprayed with the 5-5-50 and 10-10-50 mixtures. It is 
apparent that although the former material gave the greater yield increase 
the use of the 10-10-50 mixture gave very satisfactory results. This is es- 
pecially true when it is considered that 5 applications were made of the one 
and only 3 of the other. There is some question, however, as to the advisability 
of using this material when diseases are a factor, and this would be particularly 
true were late blight present. Comparative tests with these two materials will 
be continued to determine this point. Should the use of the more concentrated 
material be satisfactory from the standpoint of both insect and disease control, 
the saving in time resulting from the fact that fewer applications would be 
necessary is worthy of consideration. 


Test on the I. B. Van Derveer Farm 


This test was conducted with the Irish Cobbler and Gold Coin varieties. 
A comparison was made of 5-5-50, 10-10-50 bordeaux mixture and two copper 
dusts, copper-lime carrying 6 per cent metallic copper and copper hydrate 
carrying 38 per cent metallic copper. The latter two materials were applied 
in such quantities as to give approximately the same amount of copper per acre 
as contained in the 5-5-50 bordeaux mixture. On the Irish Cobblers the 
5-5-50 bordeaux and the copper dusts were applied on June 5, 15 and July 6, 
16 and 27, while the 10-10-50 mixture was applied on June 5, 26 and July 16. 
The spray applications were made at the rate of 100 gallons per acre at a 
pressure of 175 pounds. The boom was adjusted to spray 4 rows at a time, 
with 3 nozzles per row. The dust treatments were made with a traction duster 
equipped with two outlet pipes to the row. All dust applications were made 
early in the morning when dew was still present on the plants. The plots were 
four rows wide and their arrangement was such that a check plot alternated 
with four treated plots. In the test with the Irish Cobbler variety each treat- 
ment was replicated 4 and the checks 5 times. In the test with the Gold Coin 
the treated plots were replicated 4 and the checks 6 times. 


Test With the Irish Cobbler Variety 


_ At the time of the first spray application, when the plants were 6-8 inches 
high, no diseases were observed in the field, but flea beetles were present. As 
the summer advanced flea-beetle injury became very prevalent and in July leaf 
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hoppers made their appearance in large numbers. At no time during the 
summer, however, did diseases appear in any amount, only a trace of early 
blight being present and this confined to the lower leaves of the plants in the 


TABLE 2 


Yield Per Acre, Number of Dead Leaves and Flea Beetle Punctures 
on the Various Treatments 


Flea-Beetle 
punctures per 
leaf, average 


Treatment Dead leaves | Yield per acre 


| percent | bu. 
stad A | 105.6 | bee | 193.9 
Coppertime dust ........... | 86.2 | Le, 213.4 
Copper-hydrate dust ........ | 100.8 16.0 206 .4 
Repent rOrdedux ..4........ | 42.7 7.4 247.7 
etou ordeatx’.......... | Joc | 11.6 235.8 


check plots. On July 20 careful observations were made to determine the 
number of dead leaves on the various plots as well as the flea-beetle punctures 
on the remaining green leaves. Most of the dead leaves were the direct result 
of the activities of leaf hoppers although some of the injury was undoubtedly 
due to tip burn. The results of these observations are presented in table 2. 

It will be seen that the leaves from the check plots showed the greatest 
number of flea-beetle punctures per leaf, although the plots dusted with copper- 
hydrate showed nearly as many. The leaves from the plants dusted with copper- 
lime dust and from those sprayed with 10-10-50 bordeaux mixture showed a 
considerable decrease, but the control was not as efficient as on the plots 
sprayed with the 5-5-50 bordeaux mixture. On the basis of dead leaves the 
5-5-50 mixture showed least, the plots sprayed with 10-10-50 were next, while 
there was little difference between the two dusted plots. Both were, however, 
slightly better than the checks. Later in the summer greater differences were 
apparent between the sprayed and check plots. Most of the leaves on the 
former were still green when the greater part of the leaves on the check plots 
were dead. A similar though less marked difference was observed between 
the plots sprayed with 10-10-50 and those sprayed with the 5-5-50 mixture, while 
the dusted plots were but little better than the checks. 

The various plots were harvested on August 17 and the yields obtained on the 
two center rows of each. The average yield of the various treatments are shown 
in table 2. It will be seen that the plots sprayed 6 times with 5-5-50 bordeaux 
mixture gave highest yields, an increase of 53.8 bushels over the check plots. 
It is interesting to note that the plots sprayed 3 times wifh 10-10-50 bordeaux 
mixture gave an average increase of 41.9 bushels, only 11.9 bushels less than 
that following the use of the standard mixture. The results with the two 
copper dusts were not satisfactory, the average increases over the check being 
20.4 and 12.5 bushels for the copper-lime and copper hydrate dusts, respectively. 

The results with the copper-lime dust are in accord with those secured in 
previous years. It is much less efficient in the control of leaf hoppers and 
flea beetles than is bordeaux mixture and tests conducted in previous years 
show that it will not control early or late blight as efficiently as will bordeaux. 
The results with the 10-10-50 mixture are interesting in that they are ap- 
proximately identical with those obtained at Elmer. It is true that this was 
an unusually dry season and consequently but little of the spray materials 
washed from the leaves. In a wet season the results may be different, but it is 
clear from the data at hand that under conditions such as were experienced this 
summer, this material has some promise. 


Test With the Gold Coin Variety 


In this test a similar comparison was made of the liquid and dust fungicides. 
The 5-5-50 bordeaux was applied on June 5 and 15, July 6. 16, and 27, and 
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August 6 and 17, making 7 applications in all. The dust treatments were made 
on the same dates with the exception of August 17. This last application was 
omitted since most of the leaves on the dusted plants were dead at this time. 
The 10-10-50 mixture was applied on June 5, July 6, July 27 and August 17. 

The methods adopted in this test were identical with those indicated for the 
Irish Cobbler variety in this same field. The plots were carefully examined on 
August 17 and counts made of the number of dead leaves. The average of 
these counts together with the average yields of the various treatments are 
presented in table 3. 

It will be observed from the table that on August 17 most of the leaves on 
the check plots were dead while the condition of the foliage on the dusted 
blocks was but little better. As in the other tests most of this injury was due 
to leaf-hoppers. The condition of the sprayed plots at this time was excellent, 
showing as they did only 5 and 7 per cent of dead leaves for the plots receiving 
5-5-50 and 10-10-50 bordeaux mixture, respectively. It is apparent that up 
until this date the liquid sprays had afforded almost complete protection against 
the leaf-hopper, while the dusted plants were but poorly protected. 

The yield of the various plots was obtained on September 11 and the average 
yield for the various treatments is presented in table 3. The yield of the plots 
dusted with copper hydrate was but little better than that of the checks, while 
the copper-lime treated plots showed a slight decrease as compared with the 
check plots. Here as in the tests previously discussed, the use of these two 
materials was of but little value in the control of leaf hoppers. An appreciable 
increase in yield resulted from the use of both the 5-5-50 and 10-10-50 mixtures, 
amounting to 77.3 and 77.8 bushels, respectively. 

The results are of very great interest in that three more spray applications 
were made in the case of the more dilute or standard mixture. The results 
indicate the importance of the amount of material per acre in the control of the 
leaf hopper. There is little question but that the increased covering of the 
more concentrated material is of advantage in the control of this insect since the 
action of the bordeaux mixture is of a repellant rather than insecticidal nature. 


TABLE 3 


Yield Per Acre and Number of Dead Leaves on the Various 
Treatments 


Treatment | Yield per Acre ics ae 
| eaves 
bu. per cent * 

(Shéche ys sam satus ile.s pees tae ew Leste 216.2 | 95.0 
Copper jnydraté: dust «.9).. tau, 230.0 7550 
Copper-lime Gast) swe oar. fine PS OMT 80.0 
5-5:50' Bordeaux! . ft. e eeene 293.5 5.0 
10-10-50 -Bordeainx jasdiien ts Aas | 294.0 7.0 


Spraying Test With Late-Crop Cobblers on the J. H. Kandle 
Farm 


In this test the crop was planted late in the summer and the first spray 
application was not made until September 8. Following this first application 
three others were made on the blocks sprayed with 5-5-50 bordeaux mixture 
and copper hydrate on September 18 and 28, and October 8, and one other, on 
September 28 on the blocks sprayed with 10-10-50 bordeaux mixture, As ths 
result of the late planting the growing season was very short and this, coupled 
with the fact that little insect or disease injury was noted in the field, accounts 
for the slight yield increases resulting from spraying. In adjoining fields 
where the crop was planted earlier and was sprayed by the owner, the yield 
difference in favor of the spray applications was much more apparent. In 
previous years, particularly since 1919, spraying the late crop has, in almost 
every case, resulted in considerable yield increases. One or two exceptions to 
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this have been noted and these occurred in cases similar to this, either when 
the crop was planted extremely late or when an early frost killed the vines 
while still growing vigorously. 

The yield of the various treatments was obtained on October 29 and the 
average yields are presented in table 4. 

The yield differences in any case are not great and consequently any con- 
clusions drawn from the data are likely to be misleading. It is of interest 


TABLE 4 
Treatment VieId Her Acre 
TI on asin so ace Pike eb nin Wien hae wt | 102.9 
EAL aioe dis «vc re eee hak vue es | 112.0 
(LOG es ig a on a 104.1 
REO OTUeaux ees. le ae ee AN | nves 


to note, however, that the copper hydrate gave the highest yield. In this 
test this material was applied as a spray. No injury to the foliage was observed 
as the result of the treatment. The plots receiving two applications of 10-10-50 
Bordeaux mixture slightly outyielded those sprayed four times with the 5-5-50 
mixture. 

Summary 


Three spray tests were conducted on the commercial crop, two with the 
Irish Cobbler and the third with the Gold Coin variety. 

In these tests leaf hopper injury was very prevalent with only a trace of 
early blight and no late blight. 

A comparison was made of 5-5-50 bordeaux mixture applied at approxi- 
mately 10-day intervals (standard treatment) with 10-10-50 applied at 20-day 
intervals. In the first test 5 applications of 5-5-50 gave an average increase 
of 52.8 bushels per acre as compared with 41 bushels for 3 applications of 
10-10-50. In the second test 6 applications of the former material gave an 
increase of 53.8 bushels and 3 applications of the latter 41.9 bushels per acre. 
With the Gold Coin variety 7 applications of 5-5-50 gave an increase of 77.3 
and 4 applications of 10-10-50, 77.8 bushels increase. 

In tests with the Irish Cobbler and Gold Coin varieties the use of copper- 
hydrate or copper-lime dust failed to control leaf hoppers and gave only slight 
yield increases over the check plots. 

In a spraying test with the late-crop variety the lateness of planting coupled 
with the early killing of the vines by frost resulted in a very short growing 


season, and was responsible for the failure of the spray treatments to show 
increased yields. 


APPLE BLOTCH STUDIES 
WiLitiAM H. Martin 


During the past year studies were conducted to determine the time of in- 
fection of the blotch organism and in addition an effort was made to determine 
the most economical spray measures to adopt for the control of this disease. 
The results of these investigations are reported briefly here. 

These tests were conducted with the Smith Cider variety in an orchard 
where the disease had previously been very severe. The trees were 35 years 
old and the grower reported that in the past he had harvested but little clean 
fruit. The experimental area, consisting of two rows of 19 trees each, was 
divided into four blocks. One tree, approximately 20 feet from the experimental! 
block, was left unsprayed throughout the season to serve as a check. 

On this tree from 20 to 40 apples were bagged each week starting May 18, 
ten days after petal fall, and continuing until June 30. Blotch was first ob- 
served on the fruit on June 22. At the time of harvesting the crop the bagged 
apples were removed and carefully examined for the presence of blotch. The 
results of this examination are presented in table 1. 
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TABLRO 1 
Results From Bagged Apples Harvested October 2, 1925 


Date Bagged | Total Fruit | Diseased Fruit 
| | per cent 
May 18 os | oe 
May 26 | 2f | Gs f 
June 1 14 0.8 
June 8 14 | 50.0 
June 15: 2a | 30.4 
June 22 16 3172 
June 30 18 66.6 


It will be observed that while the first infection was found on the apples 
bagged May 26, the percentage of fruit diseased was very small. The same 
was true for those bagged June 1, but on the following week 50 per cent of 
the fruit showed infection. It is apparent that, while most serious infection 
resulted between June 1 and 8, or at about the time of the regular 28-day 
spray, some infection resulted prior to this date. In former years it was be- 
lieved that for best results in the control of this disease it was necessary to 
apply one or two accessory spray applications following the 28-day spray. 
While the results secured the past summer suggest that this may be of value, 
it is clear that infection takes place somewhat earlier than was formerly be- 
lieved and consequently the applications made 17 and 28 days after petalfall 
are important in the control of the disease. 

In tests conducted in previous years, the disease was only partially con- 
trolled following the use of concentrated lime-sulfur. In view of this fact 
a comparison was made this year of concentrated lime-sulfur applied in a 
dilution of 1-40 and 2-4-50 bordeaux mixture. The dates of the various ap- 
plications are shown in table 2. On blocks 1 and 4 the regular spray schedule 
was followed up to and including the 28-day spray. An accessory application 
was then made 42 days after petalfall. On all of the blocks the last applica- 
tion of the regular schedule, made 10 to 11 weeks after petal-fall was omitted, 
due to the fact that the season was dry and consequently there was but little 
danger of late summer infection. On block 2, two accessory sprays were made 
and on block 3, two applications, made 14 and 21 days after petal-fall, sub- 
stituted for the regular 17-day spray. 


TABLE 2 
Dates of Spray Applications 


APRS Date Block 1 Block 2 Block 3 Block 4 
1 Mar. 327 Del. Dor. Del. Dor. Del. Dor. Del. Dor. 
Z April 28 Pink Pink Pink Pink 
3 Mayet a7 Petal-fall Petal-fall Petal-tall Petal-fall 
4 May 14 7-day 7-day 7-day 7-day 
5 May 21 14-day 
6 May 26 17-day 17-day 17-day 
7 May 28 21-day 
8 June 4 28-day 28-day 28-day 28-day 
9 June 19 42-day 42-day 42-day 42-day 

10 July 23 56-day 


Applications 1 to 7 on all blocks and numbers 8 and 9 on block 4 made with 


lime-sulfur 1-40. 
Applications 8, 9 and 10 on blocks 1, 2 and 3, made with 2-4-50 bordeaux 


mixture. 
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All sprays were applied with a spray gun at a pressure of 225 pounds. Very 
little burning of the leaves resulted from the use of either spray material and 
the amount of russeting on the fruit was so slight that no records were ob- 
tained on it when the crop was harvested and examined. 

Disease counts were made on all of the fruit on three trees on blocks 1 and 
3 and two trees on blocks 2 and 4. Records were obtained on both the picked 
and the fallen fruit. In obtaining the records the fruits were divided into two 
classes, salable and unsalable. The salable fruits were further sub-divided 
into clean and those having 1 to 5 lesions, and the unsalable into those with 
5 to 10 and those with more than 10 lesions. The results of the examination are 
presented in table 3. 


TABLE 3 
Results of Spraying for the Control of Blotch 


SALABLE FRUIT UNSALABLE FRUIT 
Total 


Fruit | Cleanfruit 1-5 Lesions 5-10 Lesions 10 Lesions — 


|number|per cent|numbex|per cent|number|per cent|number|per cent 

Block 1 | | | | : 

Pick P4525 Sol Ole é7 20 | 883 191925 80 1.8 5 (hee) 

Drop  Qvak) Bee O07 me72 | L050 90: [12-5 80 | 11.4 
Block 2 | | | | 

Pick | 564 454 | 80.5 | 92 | 16.4 10 7 8 1.4 

Drop |No counts ease ae very light on all trees in block. 
Block 3 

Pick | 3790 32/1) (86.3 459 | 12.1 42 Le 18 0.5 

Drop | 361 286 | 79.3 34 9.4 14 3.8 eof) fies 
Block 4 | | | 

Pick 3501 1683 1648-1 |-1058 | 30.2 541 | 15.4 219 O23 

Drop | 1293 | 704 : 54.4 166 | 12.8 1GhelZ. 5 Paste Vdd ees 
Check 

Pick | 830 Gf Lins Dae toy ie Lode GUL 222 | 26.8 

Drop | 962 79 Bc 36 kel P50e) 10.2 4s O09) | 71.9 


On the check tree only 11.5 per cent of the picked fruit was clean and 
57.7 per cent showed more than 5 blotch lesions. Of the drops, only 8.2 per 
cent were clean while 88.1 per cent showed more than 5 lesions. A considerable 
proportion, 49.6 per cent of the fruit on the unsprayed tree, had fallen before 
harvest. While part of the drop was no doubt due to the failure to control 
insects the indications are that it was to a considerable extent due to the pres- 
ence of blotch. This is evident from the fact that only 17 per cent of the 
fruit had dropped on block 1, 8.6 per cent on block 3 and 29.7 per cent on 
block 4. In block 2, only two trees bore fruit and the yields of these two 
were so light that no records on dropped fruit was obtained. It is apparent, 
however, that a rather definite correlation exists between the amount of 
dropped fruit and the severity of blotch on the different blocks. 

Block 4, which was sprayed with concentrated lime-sulfur throughout the 
season, showed an increase in clean fruit of 36.6 per cent and a decrease of 34 
per cent in unsalable fruit as compared with the check tree. There was also 
a considerable increase in clean fruit among the drops. Much more efficient 
control was obtained, however, on the other three blocks which received the 
late summer applications of bordeaux mixture. On block 3, for example, 86.3 
per cent of the fruit was clean and only 1.6 per cent showed more than 5 blotch 
lesions. This treatment resulted in a decrease of 56.1 per cent unsalable fruit 
as compared with the check and a decrease of 22.1 per cent over the blocks 
sprayed with concentrated lime-sulfur. It will be recalled that this block, in 
addition to the accessory spray of bordeaux mixture, made 42 days after petal 
fall, was sprayed 14 and 21 days after petal-fall, while block 1, which likewise 
received the extra spray application of bordeaux mixture, received only one 
application, made 17 days after petal-fall. On the basis of clean fruit, block 3 
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gave an increase of 8.7 per cent over block 1. This difference is small, how- 
ever, and it is questionable if the extra amount of clean fruit would pay for 
the additional spray applications, especially in view of the fact. that there was 
a difference of only 1.3 per cent in the amount of unsalable fruit. On block 3, 
which received an additional late summer spray, 56 days after petal-fall there 
was only 2.9 per cent more clean fruit than on block 1. 


The results indicate that the use of concentrated lime-sulfur following the 
regular spray schedule will not give satisfactory control of blotch where the 
disease has previously been severe. Where this condition exists, the regular 
spray schedule, using lime-sulfur 1-40 up to and including the 17-day spray, 
followed by two applications of bordeaux mixture, one made 28 and the other 
42 days after petal fall, will give very good control of blotch. In a dry year 
it is questionable if more than these two applications of bordeaux need be 
made. In a wet season, however, it would probably be necessary that an 
additional application be made approximately 10 days later. 


APPLE-SCAB STUDIES 


WILLIAM H. Martin AnD E. SS. CiAgR 


During the spring and early summer of 1925 studies were conducted at 
Moorestown and New Brunswick to determine the time of maturity and dis- 
charge of ascospores of the apple-scab fungus in relation to environmental 
conditions and development of the blossom buds. In addition, apple leaves 
bearing the perithecial bodies were collected from several localities at different 
dates to determine the condition of the spores. Leaves collected from Vineland 
on April 9, showed that while the asci were apparently fully developed, the 
ascospores had not yet formed. On April 15, however, a few mature spores 
were found and when these leaves were placed in moist chambers a considerable 
number of spores were mature the following day. Leaves were collected at 
Moorestown on March 13 and at frequent intervals afterward. At the time 
of the first examination, no asci were found, but by April 1 they had 
fully developed and mature spores were present on April 25. Leaves collected 
April 15 in Sussex County showed the asci to be forming. On April 20 they 
were fully developed and the ascospores were beginning to form. These were 
mature on April 25. 


Ascospore Discharge Studies 


In order to study the time of discharge of the ascospores, 10 apple leaves 
bearing the perithecial bodies were placed in the A. J. Roberts orchard ‘at 
Moorestown and ten others at the College Farm, New Brunswick. The leaves 
were fastened to the ground by. matches placed over the ends and these in turn 
held in place by means of wires buried in the ground. On the matches on each 
leaf a glass slide was placed. This slide was covered with a thin film of mineral 
oil so that when the ascospores were discharged they were caught and held in 
the film of oil. The slides were removed each morning, usually before eight 
o’clock, and replaced with fresh ones. The exposed slides were then examined 
for the presence of the ascospores. | 

The results of the studies conducted at Moorestown are summarized in 
figure 1. The slides were set up in this orchard on April 4, but no spore 
discharge was recorded until April 25-26. It will be observed from the chart 
that while there was some rainfall on April 15, 17 and 19, no spores were 
discharged, due to the fact that they were not yet mature. The discharge of 
ascospores occurred over a period of 48 days, the last discharge being recorded 
on June 11-12. While it is possible that there may have been still other spore 
discharges after this date, it is questionable, since none accompanied the rain 
on June 15. 


It will be noted from the figure that in almost every case the spores were 
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discharged on days when there was rainfall or on the day following a rain. 
Only one exception to this is noted, on June 6-7, when a light discharge of 
ascospores was’ recorded. 
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Fic. 1. Recorp or AscosporE DiscHARGE OF THE APPLE ScAB FUNGUS 
IN RELATION TO RAINFALL—A. J. Roperts ORCHARD, 
Moorestown, 1925 


During the period of observation there were 15 days on which spores were 
discharged. It should be noted, however, that the period of heaviest discharge 
occurred between April 25 and May 10. In this orchard the pink spray appli- 
cation was made on April 16 and the petal-fall and 7-day application on May 
1 and 8, respectively. It is obvious, from a consideration of these data, that 
while the pink application was important in the control of scab the delayed 
dormant or even the pre-pink would have been of but little value. 


Results at the College Farm 


In the studies conducted at the College Farm the first discharge of ascospores 
occurred April 28 and the last on June 19, a total discharge period of 52 days. 
No spores were discharged after June 19 despite the fact that there was con- 
siderable wet weather following that date, over an inch of rain falling on 


June 30. 


In this test there were 18 discharge periods in all, and as in the orchard 
at Moorestown, they occurred for the most part either during or following a 
rain. The heaviest discharge period occurred between April 27 and May 11, 
spores being caught on 9 days during this time. It will be noted from figure 
2 that this period fell between the pink and 7-day applications, indicating that 


a se eal made before the pink would have but little value in the controi 
of scab. 


_ These results were obtained in central and south central Jersey, but there 
is reason to believe that the same situation does not exist in north Jersey. As 
previously indicated, the leaves collected at Glenwood, Sussex County, showed 
mature ascospores on April 25. In this orchard the delayed-dormant spray was 
applied on April 16 and the pink spray not until April 29. It is obvious from 
this that had no spray application been made previous to the pink, difficulty 
might have been experienced in the control of scab. 


The results of this season’s study of the development of the ascospores are 
of interest, indicating as they do a considerable variation in time of development 
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of the ascospores in northern and southern Jersey in relation to the develop- 
ment of the fruit buds. They suggest that while an application made before 
the regular pink is probably of little value in central and southern Jersey, in 
the northern part of the state a pre-pink or delayed-dormant application may be 
important for the control of scab. 
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Fic. 2. Recorp or AscosporE DiscHARGE OF THE APPLE SCAB FUNGUS IN 
RELATION TO RAINFALL—CoLLEGE Farm, New Brunswick, 1925 


PEA ROOT-ROT STUDIES 
C. M. HaArENSELER 


Studies on the root-rots of the garden pea were continued along much the 
same lines as in previous years. The major studies this year were centered 
on the root-rot caused by Aphanomyces euteiches Drechs. and the present report 
will be limited to the work on this organism. 


Soil Temperature and Infection 


The root-rot caused by Aphanomyces euteiches is rarely found in New Jersey 
before the middle of May, and in abnormally cool springs such as that of 1926 
it appears much later. On early plantings in cool springs, infection sometimes 
takes place so late that even on heavily infected soils the yields are not ap- 
preciably reduced by the disease, while later plantings on the same soil may be 
completely destroyed. It is evident from such field data that soil temperature 
is an important factor in determining the time of appearance of the root rot 
but little is known as to the exact soil temperatures necessary for infection. 
Studies have been started to determine this point and a summary of the first 
year’s records will be given here. Maximum and minimum soil temperatures 
were taken daily in a naturally infected soil and records taken on the date 
of first appearance of root-rot. An attempt was then made to find some 
correlation between either the maxima or minima or the mean soil temperature 
and the time of infection. The first above ground symptoms of the disease 
were noted on June 11. Since it requires about 7 to 10 days after infection 
for the disease to become visible above ground, infection must have taken place 
about June 1. The maximum and the mean daily temperatures fluctuated so 
irregularly during the period of the test, April 25 to June 18, that no correla- 
tion could be seen between these temperatures and infection. The minimum 
soil temperatures, however, were much more regular, increasing rather grad- 
ually from 3.75°C. on April 27 up to 18.75 at the end of the test period. 
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It is significant that up to May 27 there were only four days when the mini- 
mum reached 14° or higher and these days were well scattered, May 14, 19, 21 
and 24, and had periods of low minima between. Beginning May Zh; however, 
there was an 8-day period during which the minimum did not drop below 14° GS 
On May 27, 28, 29, 30, 31 and June 1, 2 and 3 the minimum readings were 
14, 14, 15, 14, 15, 15. 25, 15; 25, and 14.50, ‘respectively. It was during this period 


that infection took place. It would seem from this that a minimum daily’ 


temperature of at least 14° C. lasting over a period of several days is necessary 
for infection. 


Resistance of Aphanomyces Euteiches to Drying 


In New Jersey the principal areas infected with the root-rot organism are of 
light sandy loam, which is very subject to blowing in wind storms. It would 
be quite possible for the soil particles carried in such wind storms to carry 
the root-rot organism for long distances, provided the accompanying desiccation 
would not prove fatal to the fungus. In order to test the resistance of 
Aphanomyces euteiches to drying, soil from a naturally infected field was 
placed in thin layers in a greenhouse and exposed to the direct rays of the sun. 
After drying for various intervals from 3 days up to 6 weeks, samples of this 
air-dry soil were placed in pots and planted with Alaska peas. Infection took 
place regardless of the time of desiccation, showing conclusively that the 
oogonia of Aphanomyces euteiches may retain their viability after remaining in 
a dry soil exposed to the sun for at least six weeks. It is quite possible, there- 
fore, that the root-rot organism might be transported from place to place and 
possibly for long distances by wind-blown soil particles without being destroyed 
by the drying. Any other agency which might transfer soil particles from an 
infected field could also carry the root-rot disease. 


Hosts of the Pea Root-Rot Organism 


Information has also been obtained which throws further light on the prob- 
able means whereby the root-rot organism exists in the soil for a period of 
years between pea crops. It is well known that the fungus which causes root- 
rot overwinters in the oospore stage, thus carrying the organisms over from 
one year to the next, but little is known at present as to how the root-rot 
fungus persists for a long period of years between successive crops of peas. 
Severe infection of root-rot sometimes occurs in fields where peas have not 
been grown for ten or more years, thus indicating that the organism must 
either be able to live saprophytically in the soil or else have hosts other than 
the pea. In 1925 it was shown for the first time that certain plants besides 
the pea are susceptible to the root-rot fungus and might act as hosts to tide the 
organism over from year to year. Inoculation experiments conducted this 
year have added a few other species to the list of hosts. Up to the present 
time the plants which have been successfully infected with pure culture inocu- 
lation of Aphanomyces euteiches are as follows: Garden pea, Canada field pea, 
sweet pea, hairy vetch, cowpea and sweet clover. Mature oogonia of the 
fungus were developed in each of these host plants, though no above-ground 
effects from the infection could be noted in the case of the cowpea and sweet 
clover. In the sweet clover only a single diseased root was found which con- 
tained mature oogonia of the root-rot organism but this is sufficient to show 
that under favorable conditions the organism might multiply on this host. 


Furthermore, a great abundance of oogonia containing normal mature 
oospores have developed in parts of various plants placed in water and inocu- 
lated with a suspension of zoospores of Aphanomyces euteiches. A large 
variety of plants were thus tested and 14 days after inoculation an examination 
showed an abundance of normal oogonia in root tips and rootlets of crimson 
clover, roots of navy bean, roots, petioles and leaf blades of red kidney bean, 
petioles of spinach, and leaf sheath of timothy. It is evident from these tests 
that the root-rot fungus has a number of hosts in addition to the pea in which 
it may develop an abundance of oospores to prolong its existence in the soil. 
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It also seems highly probable that the organism may develop as a saprophyte 
in the dead parts of a number of plants. 


Effect of Root-Rot on Transpiration 


Two attempts were made to determine the effect of root-rot on transpiration 
of the pea. In both cases glazed earthenware pots equipped with glass tubes 
leading from the surface to an inverted flower pot in the center, were planted 
with Alaska peas and the surface sealed with a paraffin-vaseline mixture when 
the plants were about 3 inches high. After sealing, a zoospore suspension was 
introduced about each plant in certain pots and other pots were left uninocu- 
lated. Daily transpiration records were obtained from the time of inoculation 
up to maturity of the plants. In the first experiment, run at soil moisture 
contents of 20 and 80 per cent saturation, no infection was obtained in either 
series. The test was repeated with one moisture content (60 per cent satura- 
tion) and only 17.5 per cent of the inoculated plants became diseased. One pot 
not sealed with paraffin, but otherwise handled in the same way, gave 100 per 
cent infected plants. Either the lack of aeration or the paraffin mixture seemed 
to prevent ‘satisfactory infection and disease development in these sealed pot 
experiments. 


The average height and dry weight of vines were the same for the 40 in- 
oculated and 31 uninoculated plants, 56.4 cm., and 0.32 gm. The number of 
peas and pods and the dry weights of these were slightly greater for the 
inoculated lot. In transpiration the inoculated lot was higher at the beginning 
and remained so up to the sixth week when it dropped below the check lot. The 
transpiration by weeks for the inoculated lot was 4.64, 7.24, 5.83, 6.33, 3.17 per 
cent greater than the check lot for the first, second, third, fourth and fifth 
weeks, respectively. The sixth week the transpiration was 3.73 per cent less 
on the inoculated than on the check. This drop in transpiration on the inocu- 
lated plants during the fifth and sixth weeks was the result of the premature 
dying which accompanied the disease. The injurious effects came too late 
in this experiment, however, to affect the yield greatly. This has generally 
been the case with root-rot tests conducted in the greenhouse. Even when 100 
per cent of the inoculated plants become diseased there is seldom a decrease of 
more than 5 to 20 per cent in size and yield as compared with check plants. 


Longevity of Zoospores in the Soil 


It had previously been found that the zoospores of Aphanomyces euteiches 
remained active in water for a period of 5 or 6 days and that they were capable 
of infecting the pea as long as they were in an active state. During the past 
year a similar test was made with zoospores in the soil. Non-infected soil 
was placed into 26 l-gallon glazed earthenware pots. On each of the follow- 
ing dates two pots were planted with Alaska peas: January 7, 11, 15, 17, 19, 
20, 21, 22, 23, 25, 27, 31 and February 4. On January 21 the entire series was 
inoculated with a suspension of zoospores of Aphanomyces. It will be seen 
that the inoculation in the various lots was made 14, 10, 6, 4, 2 and 1 days 
after planting, at the time of planting and 1, 2, 4, 6, 10 and 14 days before 
planting. Observations were taken at frequent intervals and final data were 
obtained on March 19, eight weeks after inoculation. 

First above-ground signs of infection were observed on February 2, twelve 
days after inoculation, on plants inoculated 10 and 6 davs after planting. The 


number of plants finally becoming infected in the various lots is shown in 
table 1. 


It will be noted from the table that a high percentage of infection occurred 
on all plants which were inoculated at or after the time of planting. In the 
pots inoculated at different intervals before planting, the infection is somewhat 
irregular, but it is significant that 73.3 per cent infection occurred in pots 
planted 4 days before seeding while no infection was obtained in pots planted 
6, 10, and 14 days after the addition of zoospores. This would seem to indicate 
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that zoospores have a maximum existence of possibly less than 6 days in the 
soil, or approximately the same as the period of viability in water suspension. 


TABLE 1 
Longevity of Zoospores of Aphanomyces euteiches in Soil 


| Jnocuiated 
eons | fae diter Number of i Se Infected 
or before planting plants ete i per cent 
1 | 14 after | 16 | 87.5 
2 10 after | 16 | 16 100.0 
K: | 6 after 15 | 15 100.0 
4 4 after | 16 | 16 100.0 
| 2 after | 13 ibs: 100.0 
6 1 after 13 3 100.0 
7 at planting 13 4 3UON7; 
8 1 before is 12 NG 0 
9 2 before 15 0 

10 4 before 15 11 73. 3 

11 6 before 13 0 0 

12 10 before 12 0 0 

13 14 before 13 0 0 


Effect of Lime and Sulfur on Root-Rot Infection 


In an earlier field experiment the application of lime and sulfur to a natur- 
ally infected soil failed to show any influence on root-rot development from 
either treatment. A series of laboratory tests on the effect of various toxic 
materials on the zoospores of Aphanomyces euteiches showed that 1 part of 
calcium hydrate in 50,000 parts of water stopped the activity of zoospores in 
2 to 4 minutes. This stimulated additional tests on the effect of lime and sulfur 
on infection. 

In one experiment 14 1-gallon glazed earthenware pots filled with non- 
infected soil were treated with various amounts of hydrated lime and sulfur, 
immediately before planting to Alaska peas. After germination the pots 
were thinned to 8 plants per pot and on February 10, when the plants were 
25 cm. high, were inoculated with a zoospore suspension of Aphanomyces 
euteiches. 

The soil treatment, the pH reading of the soil extract, taken at the time 
of inoculation, the percentage of infection, the average height of plants, and 
the total dry weight of crop from the various lots, are given in table 2. The 
percentage of plants infected was reduced by the 4,000 pounds of hydrated lime 
and by all the sulfur treatments, but this reduction in infection did not result 
in an increased growth in these lots. The optimum pH for infection seems 
to be so near the optimum for pea growth that changing the soil reaction 
sufficient to inhibit infection injured the peas as much as or more than did 
the disease itself. 

It is evident that hydrated lime added to the soil did not inhibit the zoospores 
as did the calcium hydrate in the laboratory tests. A repetition of the labora- 
tory tests showed that the injurious effect of the calcium hydrate rapidly de- 
creased with time. After standing a few hours, a 1 to 50,000 mixture had 
practically lost its toxicity, due doubtless to the action of COs of the air on 
the hydrate. The possibility still remained that lime added to the soil might 
inhibit infection for a period of several days. To test this possibility, a second 
pot experiment.consisting of 10 pots was conducted as follows: two pots were 
treated with 2,000 pounds and 2 with 1,000 pounds of hydrated lime per acre 
10 days before inoculation. Two other lots were given the same lime treatments 
as the above, but only 2 days before inoculation. Two check pots were left 
unlimed. All 16 plants in each of the 10 pots became infected regardless of 
the amount of lime applied or the time of application. The only noticeable 
effect was a 12 per cent decrease in dry weight in the pots receiving 2,000 
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pounds of lime 10 days before inoculation. A maximum of 2 per cent differ- 
ence in dry weight was shown by the other pots. 


TABLE 2 
Effect of Lime and Sulfur on Pea Root Rot 


Treatment = 

w.2 

pounds per acre AG z i 

Lot pH Infection| 2G 4 vo 

i os ia ah, ee of Plants Wwd see 
Sms | Swe 
Lime Sulfur S'S O ars 
per cent |) Gm 4 eam. 
1 4000 Ei 7.4 16 43.75 8.295 54.3 
2 2000 re 6.8 16 100.00 8.975 612 
3 1000 6.6 16 100.00 9.910 59.6 
4 ve S20 16 100.00 8.980 61.1 
5 300 4.6 16 0 9.260 56.4 
6 600 4.2 | 16 0 8.660 61.0 
7 1200 4.0 16 0 7100 bos Q 


A sulfur and lime test was also conducted in 2 by 2-foot soil boxes filled 
with naturally infected soil. Here again applications of 1,000 pounds of 
hydrated lime per acre showed no effect on root-rot infection. In boxes receiv- 
ing 300 pounds of sulfur there was a reduction in the number of infected 
plants, but the growth of the plants was decreased by the treatment. 


Likewise in a pot experiment with a naturally infected soil the application 
of 200, 400 and 800 pounds of sulfur per acre prevented infection completely, 
but here again growth was appreciably reduced in those series where sufficient 
sulfur was added to prevent infection. One hundred pounds of sulfur per acre 
failed to prevent infection in this experiment. 


It seems evident from these tests that there is little hope of reducing losses 
from root-rot by adjusting the soil reaction with lime or sulfur. Liming favors 
the growth of the peas but also encourages the disease. Sulfur, on the other 
hand, may reduce or prevent the disease but the quantity of sulfur necessary 
to prevent infection seems to injure the crop as much as or more than the 
disease itself. 

There seems to be a narrow range in soil reaction which partially inhibits 
the root-rot organism and yet does not seriously injure the peas but further 
study is necessary to determine the exact limits of this range, and to determine 
whether it may be of value in working out practicable control measures. 


Possible Control Measures 


Since no direct means of controlling root-rot are as yet known the grower 
must look to partially resistant varieties and proper cultural practice to reduce 
the losses from this disease. In 1926, as in former years, the World’s Record 
and Sutton’s Ideal held up better on infected soil than the other standard 
varieties used in this state. As a result of the good showing made by the 
World’s Record this variety is rapidly becoming very popular in the root- rot 
sections. In 1925 and 1926, however, this variety suffered severely from mosaic 
and it seems probable that, if mosaic continues to increase in severity, root-rot 
may become of secondary importance in the future. In those cases where com- 
parisons were possible between the Sutton’s Ideal and World’s Record the 
former proved to be equally resistant to root-rot and less subject to mosaic. 

The use of partially resistant varieties is not a solution of the root-rot 
question, however. On infected soils which are poor in fertility and improperly 
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cultivated these varieties, especially if planted late, may make a complete crop 
failure. The best means of reducing losses from root-rot are early planting 
and maintaining a high state of cultivation and fertility. As we have already 
seen, the root-rot organism requires a high soil cemperature for infection to 
take place. In early plantings the vines are so far devcioped before infection 
that a high yield is often obtained in spite of the disease. This is especially 
true in seasons like 1926, when the cold soil prevented infection until late in 
the season, when early plantings were almost mature. High fertility also 
greatly reduces the dangers of loss. It has previously been noted that on 
certain farins where both manures and fertilizers are freely used on the soil, 
excellent pea crops are obtained on fields where 100 per cent of the plants are 
infected. On poor fields, on the other hand, it is not uncommon for root-rot 
to cause a complete crop failure. The high fertility does not control the 
disease on the roots but the injurious effects of the root-rot to the above-ground 
parts is greatly reduced where the soil is properly fed. 


Summary 


In 1926 infection of peas by Aphanomyces euteiches did not take place in 
naturally infected soil until there was a period of several days duration with 
a minimum soil temperature of 14° C. or over. 

The following plants have been infected with pure cultures of Aphanomyces 
euteiches: garden pea, Canada field pea, sweet pea, hairy vetch, cowpea and 
sweet clover. Ologonia have also developed in abscised parts of crimson clover, 
navy bean, kidney bean, spinach and timothy, which were placed in a zoospore 
suspension of Aphanomyces euteiches. 

Drying a naturally infected soil in thin layers exposed to the direct rays 
of the sun under greenhouse conditions for a period of 6 weeks failed to destroy 
the root-rot organism. 

Infection with Aphanomyces euteiches does not appreciably reduce the rate 
of transpiration of the diseased plant until several weeks after infection. 

Zoospores of Aphanomyces euteiches may remain viable in soil for at least 
4 days but not for a much longer period. 

Large amounts of hydrated lime (4,000 pounds per acre) seems to reduce 
the percentage of infection, but smaller amounts (2,000 or less) had no 
inhibiting effect. 

Acidifying the soil with large amounts of sulfur will prevent infection, but 
the quantity of sulfur necessary to control the disease is injurious to the pea. 


FURTHER STUDIES ON ARSENICAL INJURY OF THE 
PEACH 


C. M. HArNSELER 

During the past four years a series of tests have been conducted to de- 
termine the cause of a serious leaf and twig injury which has been prevalent 
in New Jersey peach orchards sprayed with various mixtures. The results 
obtained up to 1925 have been published elsewhere (1) and will not be dis- 
cussed in this report. It should be stated, however, that the results of these 
earlier studies in every case pointed directly to the arsenical in the spray 
mixture as being the toxic agent and to the atmospheric conditions as being an 
important factor in determining the amount of injury produced. Tests similar 
to those of 1922 to 1924 were repeated again in 1925, with a few minor changes 
and additions. 

The 1925 tests included a study of (a) the effect of sulfur, lime and arsenate 
of lead used alone and in various combinations and proportions, (b) the effect 
of the time of application on the amount of spray injury produced and (c) 
the correlation between premature defoliation and nodal cankering. The test 
orchard was divided into 25 blocks of three trees each with seven trees left 
unsprayed to serve as checks. Blocks 1 to 15 received hydrated lime, sulfur and 
arsenate of lead used alone and in various comb‘nations and proportions. . 
Calcium caseinate at the rate of 14 pound per 50 gallons of spray was added in 
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each case. Blocks 16 to 18 were sprayed with self-boiled lime-sulfur containing 
a uniform amount of sulfur but with various amounts of stone lime and 
arsenate of lead. Blocks 19 to 24 received dry-mix, containing 8 pounds of 
sulfur, 4 pounds of hydrated lime, % pound of calcium caseinate and 2 YZ pounds 
of arsenate of lead per 50 gallons, and were sprayed at different times and at 
different frequencies. Block 25 was given the same spray as blocks 19 to 24, 
and was used for studies on the correlation between defoliation and nodal 
cankering. 

The various spray mixtures were made up immediately before each appli- 
cation and were applied with a 5-gallon Vermorel knapsack sprayer, using 
as much pressure as was obtainable with this type of equipment. A shield 
screen was used to prevent the blowing of the spray to adjacent blocks, and 
each tree was sprayed until it dripped freely. 

Observations were taken at short intervals throughout the spring and sum- 
mer, and final data were taken on August 4. The first indication of spray 
injury was observed on June 8, seven days after the second spray application, 
when a slight leaf burning was noted on blocks 6, 10, 11, 12 and 14. No further 
development took place until about June 26, nine days after the third application, 
when cankering became apparent at the oldest nodes of the new growth. After 
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Relative Amount of Leaf and Twig Injury to Peach From Various 
Spray Formulas and From the Different Applications 
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15 | Dry-Mix | 10] 4 | 1%4 fi Bid 17 |. 59 | 432.1° Addagegaiean 
16, (SSB LS. ieee ealetiee oe bd |. 41 |. 128 ne 2B es 
Wad URS ER UPI mr aie oI) Pale evan RoE 19 |. 32,| 62.1. -5Ogh, 1440) io 
18°) SBS, dann ged Ue ang 49 | 68] 99] 47 | 214 |.10 
19 | Dry-Mix | 8 | 4 | 2% | Ist only Pie ee 7: 1 SL 0 
20 | Dry-Mix | 8| 4 | 214 |2d only 32 |. 40' |, 68-h teamkasere so 
21 | Dry-Mix | 8| 4 | 2% |3d only 56.1. 39 |. 88.7 aaa 
22 | Dry-Mix | 8] 4 | 2% | 1st &2d 34.| 55 | 118 | 14 | 187 | 40 
23.| Dry-Mix.|. (8) p4.\ 2047] Ist'& @du eet glans 68 91 15 | 174 | 50 
24 | Dry-Mix,| 8} 4 | 214 |2d&3d' 473 |" 64 |: 186.) 2 281 | 50 
11, | Dry-Mix |. 8 |1-4°| 214 } Ist. 2d& 3d} 953 | -77'| 238. |,.63 1 376.150 


*The first, second and third applications were made on May 18, June 1 and June i, 
respectively. 
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this date, injury developed steadily through the remainder of June and most 
of July. On August 4, when the injury had apparently reached its maximum, 
counts were made on two representative trees in each block to determine the 
following: 

(1) The percentage of leaves defoliated. 

(2) The percentage of leaves spray injured but not defoliated. 

(3) Number of girdling cankers at the base of new growth of 50 twigs. 

(4) Number of nodal cankers on 50 twigs. 

(5) Number of slightly injured nodes on 50 twigs. 

(6) Relative amount of cankering and gumming on l-year-old wood. 


All the data are based on actual counts except that on wood injury. In the 
latter case the trees were carefully examined and each block given a score 
between 0 and 5, the score 5 representing blocks on which the 1l-year-old wood 
on every twig showed some injury and where gumming cankers were very 
conspicuous. 

The data obtained from these counts and the spray treatment which each 
block received are given in table 1. The relative amount of injury caused 
by the various modifications of Dry-Mix is also expressed in graphic form in 
figure 1, where the applications are arranged in the order of the total twig 
lesions produced. 


EFFECTS OF ARSENATE OF LEAD 


It will be noted that on blocks 1, 2 and 4 (table 1 and figure 1) where the 
spray contained no arsenate of lead, there was no injury of any kind. Where 
the lead arsenate content of the mixtures was 1, 1%, 2 and 2% pounds per 50 
gallons, respectively, the amount of injury increased directly as the arsenical 
increased. Although nodal injury was slightly greater on block 10 where 
2 pounds of arsenate was used than on block 12 which received 2% pounds of 
arsenate, the latter caused the greater total injury. This close correlation be- 
tween arsenate of lead content of the mixtures and injury is more clearly 
brought out when we compare those mixtures in which the only variable is lead 
arsenate. There are two groups in which such a comparison can be made. 
The composition of these mixtures and the amount of injury produced by each 
are presented in table 2 and figure 2. The increase in injury from each increase 
in arsenate can be seen at a glance. 


(RABLEUZ 
Influence of Lead Arsenate Content of Spray on Spray Injury 
to Peach 
Materials in 50 { Total number Vrandin 
Plot No. | gallons of spray| of buds injured | Leaf injury paver tee Re 
mixture on 100 twigs relative 
| oh per cent 
4 8-4-0* | (0) | 0 
8 8-4-1 127 | 19 20 
9 8-4-1 173 19 25 
10 8-4-2 306 | 22 45 
11 8-4-2 378 | 53 50 
7: 8-2-1 | 116 16 20 
9 8-2-114 348 23 50 


*Eight pounds sulfur, 4 pounds lime, 0 pounds arsenate of lead. 


On the blocks sprayed with self-boiled lime-sulfur there is also an appreci- 
able increase in leaf and twig injury as the arsenate of lead is increased from 
1% to 2% pounds per 50 gallons (block 17, 18, table 1). 
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The amount of injury produced by the self-boiled sprays is much less, how- 
ever, than that caused by Dry-Mix formulas with the same arsenate content. 


Effect of Lime and Sulfur on Arsenical Injury to Leaves 


In our tests of previous years it was found that arsenical injury is generally 
reduced as the lime content of a lime-sulfur-lead spray mixture is increased. 
Occasionally, however, for reasons which are not yet understood, this relation- 
ship does not seem to hold. In certain cases the addition of lime has even 
caused an apparent increase in injury. The 1925 tests show a tendency toward 
a decrease in leaf injury as the lime is increased, though there are several ex- 
ceptions. On blocks 5, 12, 9 and 13, where 8 pounds of sulfur and 1% pounds 
of lead arsenate were used with 0, 2, 4 and 6 pounds of lime, the leaf injury 
was 43, 23, 19 and 29 per cent, respectively. On blocks 7 and 8 where 8 pounds 
of sulfur and 1 pound of lead arsenate were used with 2 and 4 pounds of lime, 
there was little difference in the amount of leaf injury. In the self-boiled 
lime-sulfur (blocks 16, 17), increasing the lime from 4 to 8 pounds per 50 
gallons reduced the leaf injury from 19 to 11 per cent. The most striking 
effects are seen where lime is omitted from the mixture. It will be noted, for 
example, that of the eight spray mixtures containing 1% pounds of arsenate 
of lead per 50 gallons, there are two which caused especially severe leaf injury 
(fig. 1). Neither of these contained lime. In these cases it seems that the 
absence of lime caused the arsenical to become more injurious. 


Increasing the amount of sulfur in the mixture also decreased the amount of 
leaf injury in most cases. On blocks 6, 14, 9 and 15, where 4 pounds of lime 
and 14% pounds of arsenate of lead were used with 0, 4, 8 and 10 pounds of 
sulfur, the leaf injury was 30, 30, 19 and 17 per cent, respectively. Farley (2) 
has also found that increasing the sulfur content of Dry-Mix uniformly de-. 
creases the danger from leaf injury. 
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Fic. 2. RELATIONSHIP BETWEEN Lrap ARSENATE CONTENT OF SPRAY 
MIXTURE AND SprRAY INJURY 


Solid lines = Nodal injury. 
Dash lines = Wood injury. 
Dotted lines = Leaf injury. 
Light lines = Spray mixture containing 8 pounds sulfur and 4 pounds lime. 
Heavy lines = Spray mixture containing 8 pounds sulfur and 2 pounds lime. 


Leaf Injury vs. Twig Injury 


The amount of lime or sulfur in the spray mixture does not seem to affect 
the twig and wood injury to the same extent as it does the leaf injury. This 
lack of correlation between leaf and twig injury is clearly seen from the curves 
in figure 1. It will be noted that generally the leaf injury is very high where 
either lime or sulfur is omitted and lower when both lime and sulfur are present. 
The twig injury, on the other hand, fails to show such a relationship. 


Since the beginning of our studies on arsenical injury we have observed, 
both in the field and on experimental blocks, that leaf injury and twig injury 
are not necessarily correlated. Cases have been noted where sprays containing 
arsenate of lead have caused severe twig cankering and abundant gummosis 
without causing any perceptible injury to the leaves. In other orchards the 
leaves were badly burned and defoliated, while the twigs showed only traces 
of cankering. The tests this year do not show such an extreme case, though 
they do show the lack of direct correlation between the two types of injury. 
It is evident that the factors which determine leaf injury are not identical 
with those that determine twig and wood injury. 
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Effect of Time of Application and Weather Conditions on 
Amount of Injury 


In the 1924 tests it was found that the earliest spray application (June 7) 
was the one responsible for the greater part of the injury, applications made 
June 23 and July 11 causing only traces of burning. It seemed from these 
results that the maturity of the twigs might be an important factor in determ.n- 
ing the amount of injury, the greater injury apparently occurring early in 
the season when the growth is soft. The results of the 1925 tests, however, 
indicate that this is not the case. In 1925, the earl-est spray, May 18 (shuck- 
fall) caused only a trace of injury, while the second application, June 1, burned 
appreciably and the third, June 17, proved to be the most injurious (plots 19, 
20421, atable:!). 

It is of interest to note in this connection that the weather conditions during 
the spraying seasons of 1924 and 1925 were practically reversed. In 1924 the 
first part of the test period was rather wet and the latter part extremely dry, 
while in 1925 the first part of the test period was much drier than the latter 
part. Spray injury in both these seasons was rather closely associated with 
moist weather conditions, an association which has been previously noted by 
the writer (1) and others (3). 

From a general averaging of the data it will be seen that where two or three 
applications were made on a given block (blocks 11, 22, 23, 24) the injury is 
about equal to or slightly greater than the sum of the injuries caused by the 
various single applications (blocks 19,.20, 21). In case of the nodal cankers, 
particularly, the injury from two or three applications seems to be considerably 
greater than the sum of the injuries of the separate applications. This, however, 
is to be expected. As will be shown later, nodal cankering follows defoliation. 
If an earlier spray has caused defoliation the succeeding applications may be 
expected to cause more nodal cankering than similar applications made on trees 
not defoliated by an earlier spray. It would also appear from a comparison 
between the nodal injuries in blocks 22 and 23 that the combined effect of two 
successive applications becomes less as the time between the applications 
is increased. 


Effect of Defoliation on Nodal Cankering 


Where nodal cankers occur in large numbers on young twigs following the 
use of toxic spray mixtures, it is not always easy to determine the exact 
relationship between these cankers and the accompanying defoliation. Earlier 
observations have shown that such cankers are almost invariably found at 
defoliated nodes, but it was not clear whether the cankers caused defoliation or 
whether defoliation occurred first and the cankers resulted from the absorption 
of toxic materials through the open leaf traces. Adams (4) has concluded 
from observations in Delaware that the latter is the case, and our own studies 
involving close observation of 700 artificially defoliated nodes on sprayed and 
unsprayed trees, would point to the same conclusion. 

In these defoliation tests some of the leaves were removed with a razor and 
others carefully pulled off. On half of the test twigs only one leaf per twig 
was removed, while 4 leaves were taken from the remainder. The defoliations 
were made on May 29 and each twig tagged and numbered. One group of 100 
twigs (lot 1), with a total of 250 defoliated nodes, was on a tree which was 
sprayed on June 1 and 17 with standard Dry-Mix containing 2% pounds of 
arsenate of lead to 50 gallons. Another group of 100 twigs (lot 2) with 250 
defoliated nodes received an application on May 18, eleven days before the 
defoliation, in addition to the June 1 and 17 applications. A third group of 
50 twigs (lot 3) with 200 defoliated nodes was on an unsprayed tree and served 
as a check. 

On June 26, twenty-eight days after defoliation, no trace of injury was 
noticed. On July 13 a few nodes had become cankered and many others showed 
a reddening of the bark just below the bud, a symntom which has been recog- 
nized as the first stages of cankering. After that date the cankering developed 
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rapidly so that by July 28, 55 per cent of the artificially defoliated nodes had 
well developed cankers immediately below the leaf trace. During the first 
week of September final records were taken on the number of cankered and 
the number of slightly injured nodes resulting from the artificial defoliation. 
The amount of defoliation which occurred subsequent to the beginning of the 
test and the number of cankered and slightly injured nodes developing on these 
latter were also recorded. The difference in the behavior of the razor-defoliated 
nodes and those defoliated by pulling was so slight that they are not treated 
separately. The data are presented in table 3. 

It will be seen from the table that in lot 2, which received one spray before 
and two after artificial defoliation, 91 percent of the defoliated nodes became 
cankered, as compared with 84 per cent in lot 1 where the first spray was 
omitted. The application which was applied 11 days prior to the defoliation 
thus seemed to increase the nodal cankering by 7 per cent. Both of these lots 
show that a very high percentage of nodes defoliated before spraying may 
xecome severely cankered by subsequent sprays. 

Defoliation prior to spraying is not necessary, however, for nodal cankering 
‘o eccur. In lot 1, for example, 48 nodes dropped their leaves after spraying, 
67 per cent of which developed cankers: and in lot 2, out of 132 nodes which 
ost their leaves after spraying, 74 per cent became cankered. It should also 
se noted that in lot 2, which received 3 sprays, the number of nodes defoliated 
by the sprays and the percentage of these developing cankers is much higher 
than in lot 1 which received only two spray applications. No cankers developed 
on nodes which retained their leaves throughout the test period, and no canker- 
ing was observed on the unsprayed twigs which were artificially defoliated. 

It seems evident from these tests that serious nodal cankering may be 
produced by the use of toxic spray materials and that defoliated nodes are the 
only ones subject to such cankering. It is evident from the above, however, 
that a toxic spray may cause both defoliation and cankering. It is seen in 
blocks 1 and 2 that no cankering was present in 32 and 26 per cent, respectively, 
of the nodes defoliated by the sprays, thus showing that nodal injury is by no 
means a preresuisite to defoliation. It would seem that defoliation is due 
primarily to leaf and petiole injury and that nodal cankering develops later. 


Summary 


Leaf, twig and l-year-old wood injury of the peach are very closely corre- 
lated with the amount of arsenate of lead in the spray mixture. 

Increasing the lime or the sulfur in the mixture has a tendency to reduce 
the amount of leaf injury but seems to affect the amount of twig cankering 
to’ a“dess extent. 

The factors which control leaf injury do not seem to be identical with 
those that control the amount of wood cankering. 

Weather conditions, possibly humidity, seem to determine the amount of 
injury produced by the several spray applications applied during the season. 
One season the earliest application and another season the latest application 
may prove most toxic. 

Nodes which have been defoliated from various causes are very subject to 
cankering. Nodes with leaves attached do not become cankered. A spray 
application may cause defoliation and subsequent cankering of the defoliated 
node. 
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SWEET POTATO DISEASE STUDIES IN 1925 
RYE Poorer 


The resistance of different varieties of sweet potatoes to stem rot, caused 
by Fusarium hyperoxysporum and F. batatatis Wr., was studied again this year. 
In view of the fact that the disease was more severe this past year than during 
any of the previous five years, the results of these tests are of. considerable 
value. 

The outstanding resistant varieties were the Yellow Yam, White Yam, Red 
Brazil and Triumph. In previous tests there was no infection of the first 
three of these varieties and but slight infection of the Triumph. This past 
year, on Walter Sibkie’s farm near Riverton, there was slight infection and 
kill of the White Yam and Red Brazil varieties. Furthermore, on this farm 
the production of salable potatoes was not so satisfactory as was produced by 
the Jersey strains, even though the latter showed heavier stem-rot infection. 
The potatoes on both the Red Brazel and the White Yam were large and 
very irregular in the number set to the plant. On this same farm the Yellow 
Jersey Selection 101, which is used extensively in the state, was more productive 
of salable stock than the Vineless Yellow Jersey and the Gold Skin. This 
test shows more definitely than was brought out in other tests that some 
strains and varieties are much more adaptable to certain soil types than 
to others. 

On Walter Nicholson’s farm the results were very similar to those obtained 
on the farm of Walter Sibkie, but on John Wolferth’s farm the yield of the 
resistant types was not only satisfactory but larger than the strains of Jersey 
varieties. The results of these tests are given in table 1. 

The. Red Jersey and Atlantic White, given as Selection 108, showed the 
greatest stem-rot kill of the Jersey strains. They were also much less pro- 
ductive than some of the other strains. 

There was a slight stem-rot kill of the White Yam, Southern Queen and 
Golden Gem varieties. This is surprising in that these varieties were not 
attacked during the three previous seasons in which they were grown on 
infected soils while the Jersey varieties were severely infected. This may 
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A Comparison of Strains of the Jersey Sweet Potato Varieties and 
Yams on the Farm of John Wolferth, Gloucester County 


| STEM-ROT | YIELD 
VARIETAL STRAIN | KILL | PER ACRE 

percent | bu 
Pemowrersey, selection 105 .......8. 000k eee ees Base. | 289 
rere election 116 ws. nels ce wee ele le we Or2 | 264 
Yellow Jersey Vineless, Selection 104 .............. 136 | 253 
Mevomeeraevensciection 130 oc. ..5...5..000 levees 5.4 257 
Selmmeteevesclection 107 ...... ce. c ee abe e ees | ie | 252 
Roetaveereeresclection 102 ......22.....5..5. 000s Bet | or) 
Ree ermermeseiection 103)... 0. osc ck esc c ae bebe een oe 14) | 188 
Peete erseysclection 109. ces.. .0hs ieee dive cee | 4.1 | 175 
Pevomei teers election 108) lis isa. cece ene es ath Sete} toes 
a 6... vis’ ck wists ls adi Weacigaleelee © () 497 
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Be eee Ne ic vic wwhov dee bs sob wGherwine oe oie 4 269 
ee ey ccs os Fe pae'dn Vs we dhs he we | Bal | 239 
Magee Soe) 0 a en er 26.5 | 208 


348 New JERSEY AGRICULTURAL 


signify that these varieties are becoming less resistant after being grow on 
infected soils for a number of years. 

The Nancy Hall and Porto Rico varieties were again severely attacked and 
a large percentage of the plants were killed. These results indicate that_these 
varieties are equally if not more susceptible to stem rot than are the Jersey 
strains. This is not always the case, however, since in some previous tests 
there was evidence to show that the Porto Rico and Nancy Hall varieties 
may grow and produce well on some infected soils. There is apparently some 
unexplained connection with soil type that brings about these differences in 
the stem-rot kill on the various farms. 


The Commercial Value of Varieties of Sweet Potatoes 
Resistant to Stem Rot 


Since the introduction of varieties of sweet potatoes resistant to stem rot, 
there has been an increase in their production in the areas where the disease 
is severe. The fact that they are not yet as satisfactory for marketing on 
the nearby markets and not as productive on all types of soils as are the 
Jersey strains, has been the most important reason why they are not more 
widely distributed than they are at the present time. The use of these varieties 
has increased to such an extent, however, that they are certain to become per- 
manently fixed in some localities. The principal districts where the resistant 
varieties are being grown in this state are Keyport, Burlington, Swedesboro, 
Hammonton, and Bridgeport. The Red Brazil is grown extensively in the 
vicinity of Keyport, and in Burlington County where it is sometimes called the 
Red Yam and where it is sold in August and early September. The White 
Yam is grown in the vicinity of Swedesboro and Hammonton. The Red 
Brazil and Southern Queen varieties are also grown ‘extensively to the east 
of Hammonton. The Yellow Yam is grown extensively in the vicinity of 
Center Square and Bridgeport, principally for the early market. In most 
cases the results of the variety tests were obtained from small plots, so that 
in order to determine the value of these resistant varieties on a commercial 
scale, results were obtained this year from larger plantings. 

On the farm of John Wolferth the Red Brazil and White Yam varieties 
have produced excellent crops over a 2-year period when grown on an acre or 
more of ground. The yields have varied from 250 to 550 bushels. per acre. 
The yields of desirable salable stock was not quite so high, since frequently 
some large, or “jumbo,” potatoes were produced, but as a general rule the 
larger potatoes could be used and marketed, because they were mostly of the 
same oval to round shape. 

On the farm of Walter Kinney of Swedesboro, the White Yam maintained 
a nearly perfect stand on infected soils where there was 64 per cent kill of 
the Yellow Jersey. It also produced 225.6 bushels more per acre than the 
Yellow Jersey variety, which not only was heavily killed, but showed severe 
infection of the remaining plants. Furthermore, the White Yam produced a 
very uniform potato, with very few large potatoes. On this particular farm 
the potatoes were harvested without any difficulty, although they were not as 
satisfactory to harvest as the Jersey type, since they were more easily broken 
from the stems and scattered. 

On this farm the value of the White Yam crop per acre was $203.00, and 
of the Yellow Jersey, $66.01. Where the stem-rot kill of the Yellow Jersey 
is as great as on this farm, and where the White Yam and other resistant 
varieties can be grown as successfully, even though they may bring a smaller 
price than the Yellow Jersey, the increased yield overcomes this drawback. 
Unfortunately, all soil types are not suited for the production of the resistant 
varieties, and the only way of determining their value on any soil is to test 
them at first in a small way. 

On the Frank Norton farm at Center Square, where a comparison was 
made of the Yellow Yam and the Yellow Jersey, some of the former potatoes 
were large and rather coarse and rough, many of them not being suitable for 
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PLATE 1. Sweet Potato Fietp SHowinc Nearty Perrect STAND OF 
REsISTANT YELLOW YAM ON LEFT, AND THE SUSCEPTIBLE 
YELLOW JERSEY ON RIGHT 


The misses in the Yellow Jersey field are due to a severe attack of 
stem rot early in July 
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preparing a fancy package for the market. On the other hand, the Yellow 
Jersey potatoes were of excellent size, color and shape, and in spite of heavy 
kill, there was a large production of potatoes of salable size. Furthermore, 
the Yellow Jersey potatoes were less trouble to harvest than the Yellow Yam. 
The total yield of the Yellow Yam variety was 385.0 bushels per acre as com- 
pared with 225.5 bushels for the Yellow Jersey. 


The Residual Effect of Lime and Sulfur on the ‘Pox”’ 
Disease of Sweet Potatoes 


Tests to determine the residual effect of lime and sulfur on pox disease 
and on the produuction of sweet potatoes, were made on the farms of the 
late Theodore Jacobs of Swedesboro, and the Vineland Training School at 
Vineland. The plots used in 1924 were used again in 1925. On the Jacobs 
farm, plots which received 300 and 600 pounds of sulfur per acre in 1924 
were divided into three series. Three plots each received no treatment, three 
received lime at the rate of 1,000 pounds per acre, and three others, ‘sulfur 
at the same rates as applied in 1924. 


TABLE 2 


The Residual Effects of Sulfur and Lime on the Pox Disease and 
the Production of Sweet Potatoes 


Amount used _ | Potatoes Yield 

Soil Treatment | per acre | poxed per acre 

| bushels | per cent | bushels 
Sulfur) :./d< eee © 2 100 bcd 130 
Stlitir. sasina emanate vee: 200 1 as 140 
Shlftr |e A eae | 300 0.0 149 
Sulfur: (Ace. ote eee | 400 0.2 173 
maliur: isa. pore ers « 600 | 0.0 | 144 
Time’ (sno sees | 1000 100.0 | 57 
Eime:..': .aeasle HONS tes 2000 100.0 Lye) 
Tine .d.. 1 poe ae: | 3000 100.0. | 70 
heck a0 eee en eee | ain 41.3 | 103 


The applications were made one month previous to setting the sprouts 
and there was one rain before the crop was set the last week in May. The 
plants had been set only a few days, when a severe hail-storm cut them up 
‘severely. The black-rot infection that followed also was severe. The drought 
during the early months delayed the growth to such an extent that the pro- 
duction was far below normal. The results obtained on this farm show that 
the disease was not satisfactorily controlled by sulfur, even when 300 and 600 
pounds of sulfur were used on the same soil in both 1924 and 1925. This 
treatment, however, gave some reduction, and was much more effective than 
where sulfur was used only in 1924, since the residual effect showed only 
slight reduction over the check. On the untreated and limed plots the disease 
was worse than it was on the sulfured plots. The disease was worse on the 
plots that received no treatment in 1924 and lime in 1925. There was no 
indication of plant or potato injury on any of the plots, even where 600 pounds 
of sulfur was used both years. 

It is interesting to compare these findings with those from the Vineland 
Training School farm, where plots treated with sulfur or lime in 1922, 1923, 
and 1924 were used in 1925 without further treatment. The production 
was smaller on the limed plots in 1923 and 1924 than on the untreated 
and sulfured plots and again in 1925 the plants were injured from the very 
beginning on the limed plots. They were yellow and weak until late in the 
summer when the moisture was more favorable for growth. The vines which 
had not died grew well later in the season, but the growth was not early enough 
to produce a crop of salable potatoes. No such condition occurred on the 
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untreated and sulfured soils; instead the vines were green and sufficiently 
numerous on all plots to indicate a fair production. The results given in table 2 
show that sulfur reduced the disease 28 per cent where 100 pounds was used 
each year for three years. Where 200 pounds was used there was a further 
slight reduction over the 100 pound treatment. Where 300, 400 and 600 
pounds were used there was no infection. The infection was 100 per cent on 
the limed plots, most of the salable potatoes showing many spots. 

The effect on yields was much greater than ever seen before when these 
treatments were compared on pox-infected soils. The yields on the sulfured 
plots were from 9 to 40 bushels larger where 300, 400, and 600 pounds of 
sulfur had been used than where the smaller amounts were used, but the 
differences were not sufficiently great to warrant the use of more than 300 
pounds per acre. As a result of pox control, 100 pounds of sulfur per acre 
applied for three consecutive years increased the yields 27 bushels over the 
untreated plots. Lime caused a reduction in the yield of 33 to 50 bushels 
per, acre. 

The results reported above support those obtained in other years. They 
show that it is difficult to bring pox-infected soils back to normal production, 
especially where lime was applied in large quantities. The results have shown 
also that sulfur is most effective in wet seasons, and slowly effective in dry 
seasons and that the disease is most severe in dry seasons. However, the use 
of sulfur apparently reduces the conditions most suitable for infection, while 
lime enhances those conditions. 


The Effect of the Potash Salts on the Yield of Sweet Potatoes 
and the Stem-Rot Disease 


Previous studies have shown that large amounts of fertilizer caused severe 
injury to sweet potato sprouts, and the losses due to stem rot were greater 
on the injured than on the uninjured plants. 

Further tests were conducted this year in which kainit and sulfate and 
muriate of potash were used to supply 7 per cent of potash in a mixture con- 
taining 2 per cent of nitrogen and 8 per cent of phosphoric acid. This mixture 
was applied broadcast in the row 6 weeks before the crop was set the first 
week in June. Besides broadcasting the fertilizer in the row, it was well 
mixed with the soil before the ridges were made. This test was conducted 
on the Vineland Training School farm, and on the farm of Seth Warrington 
in cooperation with Dr. H. C. McLean of this station. 

The results obtained on the Warrington farm, given in table 3, show that 
the injury and the kill by stem rot were much greater where the mixture 


TABLE 3 


The Effect of Potash Salts on Yield and on the Prevalence of the 
Stem-Rot Disease 
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containing kainit was used instead of the other potassium salts. The figures 
on the missing hills are the sum of the percentage of plants killed by stem 
rot and of the plants killed by the fertilizer.’ It can be seen from these 
results that the kainit was fatal to a very large percentage of plants, since 
there were very few left even where only 500 pounds of the fertilizer was 
used. There were slightly more misses on the plots that received the mixture 
containing muriate than on the check plots, but the difference was not out- 
standing. The percentage of stem rot on the other treatments varied from 
7A to 12,5: 

The yields were greatly reduced on the plots where kainit was used, being 
77.1 and 97.4 bushels per acre less than was obtained on the check plots. 
On the untreated plots and on the plots that received the mixture of nitrogen 
and phosphoric acid, the production was as good as from the other treat- 
ments, since the field was already sufficiently fertilized for a maximum pro- 
duction of the sweet potato. A normal growth was not obtained during the 
early part of the summer because of drought. Favorable growing conditions 
prevailed late in the summer, but this caused a production of a very large 
number of small potatoes which were not sufficiently large to market by 
harvest. On the various plots much of the fertilizer was turned up when the 
plants were harvested. 

There was much evidence in many fields of the general crop that the potash 
salts had caused considerable injury to the plants. The nature of the injury 
was nearly always manifest as a mottling or spotting of the leaves. Plants 
that showed the dwarfed, mottled symptoms did not always at first have any 
noticeable injury to the roots, but some plants showed a softening and 
blackening of not only the small roots, but the main stem also. It is well 
known that the Fusaria fungi enter injured tissue much more readily than 
healthy tissue. This probably accounts for the greater prevalence of stem 
rot on plots where the plants were injured by kainit than on those where 
sulfate and muriate of potash were used. 

As has been pointed out in previous reports, any and all of these sources 
of potash can be used safely, if applied several months previous to setting 
the plants. 


The Effect of Sulfur and Lime on the Scurf Disease of Sweet 
Potatoes, on the Plant and on Production 


In 1924 very uniform areas were selected on the farms of J. I. Little at 
Vineland, and Felix Donata at Landisville, for determining the effects of sulfur 
and lime on the scurf disease and on the yield of sweet potato. The results 
obtained on both farms were relatively the same. The results given here are 
those obtained on the Donata farm. The area of each plot was 1/75 acre. 
In 1924 there were twenty replications of each treatment. The treatments 
that year were with 300 and 600 pounds of sulfur per acre and the results 
were given in the 1924 report. 

The same plots were used again in 1925 and were given the following treat- 
ment one month before the plants were set. Four plots used as checks in 1924 
were left for checks in 1925. Four plots each that received 300 and 600 
pounds of sulfur per acre in 1924 received the same amounts in 1925. Three 
plots each that received no treatment, 300 pounds of sulfur, and 600 pounds 
of sulfur respectively in 1924, received 1,000 pounds of lime per acre in 1925. 
Four plots that received 300 and 600 pounds of sulfur in 1924 did not receive 
any further treatment for 1925. 

The 1924 results showed that the disease was greatly reduced with sulfur, 
but the 600 pounds per acre caused severe damage to the sprouts. In 1925 
the objects were to determine what effects applications of sulfur for two or 
more consecutive years, would have on the disease and on yield, and whether 
or not the treatment in 1924 would be sufficient to prevent infection in 1925. 
And finally it was desired to determine the effect of lime on sulfur-treated sau 
as well as upon the disease and production. 
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The results obtained in 1925 are given in table 4. They show that there 
was an increase of 8.3 to 10.3 per cent of infected potatoes when lime was used. 
This was true, even where the sulfur was applied last year. The scurf disease 
is not thought to affect yields, but the limed soil for some reason showed yield 
decreases of 19 to 56 bushels per acre as compared with the sulfured and the 
untreated soil. There was no apparent injury to the vines or potatoes on 
the sulfured plots on this farm, but injury similar to that described in last 
year’s report was observed on the Little farm. The vine growth was not as 
good on the limed plots as on the untreated plots and there was some indica- 
tion that the growth of the plants was retarded. There was also slight evidence 


of chlorosis of the foliage. 
TABLE 4 


The Effect of Sulfur and Lime on the Scurf Disease, and on the 
Yield Per Acre 


Treatment Amount Potatoes Yield 
1924 1925 per acre | scurfed | per acre 

| | bu. per cent | bu. 
Check Check | 0-0 9.6 | 133 
Check Lime 0-1000 17.9 | 114 
Check | Sulfur 0-300 Lee | 141 
Sultur's.12 0 Besetes 300-0 11.4 | 126 
Sulfur Lime 300-1000 19.9 | 108 
Sulfur Sulfur | 300-300 8.5 | 118 
Saltntties sleeeinene 600-0 11.8 | 118 
Sulfur Lime | 600-1000 | Oe 77 
Sulfur Sulfur 600-600 | 0.6 t21 


In this test the production on the plots treated with 300 pounds of sulfur 
in both years was 15 bushels less than on the untreated plots, while on the 
600-pound plots it was 12 bushels less. On the plots that were not treated in 
1924, but treated with 300 pounds of sulfur in 1925, there was not only a 
reduction of 7.4 per cent in the percentage of infected potatoes, but a yield 
increase of 8 bushels over the untreated plot. These results indicate that 
caution should be taken when sulfur is to be used over a period of consecutive 
years, since it may cause injury. 

Although there was a much smaller percentage of scurf infection in 1925 
than in 1924, the results obtained thus far indicate that 300 pounds of sulfur, 
on the sandy soils will reduce the amount of the disease but the treatment 
for only one year may not be effective the next year. Applications of 300 
and 600 pounds per acre over two consecutive years reduced the disease, but 
caused a slight reduction in the yield, which was obtained only on the plots 
treated with 600 pounds of sulfur in 1924. On both farms the use of lime 
reduced the yield, and there was an indication of chlorosis of the foliage. 


The Effect of Organic Mercury Compounds, Mercuric 
Chloride, and Formaldehyde on the Control of the 
Scurf or Soil Stain Disease of Sweet Potatoes 


While it is easy and economical to obtain sweet potatoes for seed that are 
free from the very conspicuous superficial scurf disease, there are some growers 
who do not recognize the importance of seed selection, and who depend unwisely 
on seed treatment for the control of such diseases as scurf. It has been well 
demonstrated that recommended treatments with formaldehyde and mercuric 
chloride are not 100 per cent effective in killing the scurf fungus on the potato. 
Furthermore, it is now certain that when the causal organism is not con- 
trolled completely, it respreads over the skin of the potato while in the plant 
bed. Scurf is most difficult to control when the potatoes are severely diseased, 
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since the effectiveness of the treatments on slightly infected potatoes is 
generally satisfactory. 


Because of the introduction of the organic mercury compounds as _ seed 
disinfectants and because of the importance of the scurf disease of sweet 
potatoes, some tests were conducted with DuPont Semesan, Uspulun and Bayer 
Compound, and comparisons were made with the treatments now recom- 
mended. The organic mercury compounds were used both as liquid and as 
dust treatments. The Yellow Jersey selection No. 105 was used in the test. 
Uniform potatoes measuring approximately 3 inches long and 2 inches wide 
and completely blackened with the scurf disease were obtained for this work. 
They were treated with dust compounds at the rate of 2 ounces per bushel. 
The potatoes and dust compounds were placed together in a large paper bag 
which was tilted back and forth until the surface of the potato was compietely 
covered. The liquid treatments were prepared by dissolving the chemicals in 
water at a temperature of 50° C., and then diluting to the recommended strength 
of 1-400. The treatments were for various periods of time at a temperature 
of 18° C. After treating, the potatoes were bedded in washed sand in 12-inch 
glazed earthenware pots and were kept in a greenhouse where the temperature 
maintained was sufficient to develop the sprouts. 


Preliminary tests were started in February, but larger tests were begun 
in March, April and June. The preliminary tests were conducted primarily 
to determine the effect of the various substances on plant growth, when used 
in the strengths that are now being recommended by the various manufacturers. 
The 1-1000 strength of mercuric chloride was employed while formaldehyde 
was used at a strength of 1-240. The time was 10 minutes for all liquid 
treatments. In other’ tests the same strengths were used, but the time of 
treatment was varied. There were two replications of each treatment, and 
three series of treatments, including the preliminary test. 


The results from the disinfectants when used in solution, given in table 
5, show that none were very effective. The formaldehyde gave the least con- 
trol of all when the treatment was carried out for 20 minutes. The 30-minute 
treatment was somewhat more efficient than the shorter time, but it, too, was 
not as effective as is needed. The results obtained with mercuric chloride 
were very irregular, and they indicate that satisfactory control of scurf may 
not be expected with the present recommendation for seed disinfection. It 
must be remembered, however, that there are several other fungi that cause 
diseases of the sweet potato that the mercuric chloride will kill. The results 


TABLE 5 ; 
Effect of Liquid Disinfectants on the Control of Scurf 


4 n 
= r=) onaet 
z =o Se2c 
a a Dike o a Oey = ‘2 a | 
Disinfectant S o 5 SO%y BueoOodoy 
to = Bases 28 nMRY 
& © O80 «a's esSo .va 
S E Lee Sale as hans 
n = Saseaa | A&SSEO 
| | per cent | per cent 
Check—healthy plants. | 0 0 
Check—diseased plants ey al eee 100.0 | 100.0 
Formaldehyde ........ dca re 20 i 100.0 | 100.0 
Mercuric chloride ..... 1-1000 | 10 65.2 | 39.7 
DuPont Semesan ...... 1-400 10 ARGS 30.0 
Bayer Organic Mercury | 1-400 10 63.6 ges 
Bayer Uspulungc..;. 1-400 10 29.5 25:1 


354 New Jersey AGRICULTURAL 


obtained with Uspulun, a phenol mercury which was obtained from the Bayer 
Chemical Company, was slightly more effective than the Bayer Dust, mercuric 
chloride and the solutions of Semesan obtained from the E. I. DuPont Com- 
pany. All of the mercury compounds showed a greater degree of control on 
the potatoes which were grown from sprouts pulled in May than on the 
sprouts pulled from the same plantbed in October. The differences were 
sometimes 50 per cent greater infection than on thé potatoes. This is probably 
due to the fact that the plants which were used for securing the data on the 
potatoes were pulled six weeks after the treatments were made. The others 
were pulled in October, after the plants had remained in the plantbed since 
March. The conditions in the plantbed are known to be very favorable for 
the reinfection of the potatoes when the organism is not killed on all parts 
of the potato. From March until October the disease had completely respread 
over the potatoes in some cases, which accounts for the greater prevalence 
of the disease on the sprouts pulled in October instead of May. The fungus on 
slightly infected potatoes was easily killed by the treatments with mercuric 
chloride, formaldehyde, Semesan and Uspulun. 

The effect of disinfectants on the control of scurf when used as a dust 
was outstanding. Two ounces of the dusts left a fine white coating on the 
rind, which lasted throughout the time that the potatoes were in the plantbed. 
In many cases the potatoes in the plantbed had produced new growth which 
gave the old potato a warty appearance, and it was on these new growthis that . 
the disease was most conspicuous. The growths on the treated potatoes were 
free of scurf, while that on the untreated potatoes was generally as black as 
that of the original diseased potato. The same condition was manifest on the 
sprouts. The results of the dust treatment, in which Semesan manufactured 
by the DuPont Company and another organic mercury produced by the Bayer 
‘Company were used, are given in table 6 and they show that the Semesan 
completely controlled the disease, the sprouts as well as the potatoes produced 
on them being free from scurf. ‘There was a very slight infection of the 
sprouts where the Bayer Compound was used, slightly greater on the sprouts 
which were pulled in October, than on the potatoes grown on the sprouts 
pulled from the same potatoes 6 weeks after treatment and set in the field. 
There was no infection on the sprouts grown on the disease-free potatoes, 
and the potatoes produced in the field on these sprouts also were free from scurf. 

These results show that the dust treatments were much more effective in 
the control of scurf than were the liquid treatments. It is obvious that they 
should be equally as efficient as the liquid treatments since the dusts adhered 
to the rind throughout the period that the potatoes were in the plantbed, while 
very little of the material was left on the potato after the liquid dip. The 
possibilities of the respread of the fungus on the potatoes treated in the solu- 
tion was much ¢greater than on those treated with the dust. 


TABLE 6 
The Effect of Dust Disinfectants on the Control of Scurf 
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In laboratory tests in which the fungus was grown in culture media adjusted 
to various strengths with mercuric chloride, the organic mercury compounds 
and formaldehyde showed that all of the organic mercury compounds con- 
tained the active killing agent. Semesan was the most effective of the organic 
compounds. Mercuric chloride was also very effective. Some of the com- 
pounds gave poor control, even when used at the strength recommended for 
seed treatment. 

While some of the organic mercury dust treatments gave excellent con- 
trol, they caused considerable injury to young roots. All of the organic 
mercury compounds, as well as mercuric chloride to a lesser degree, caused a 
retardation of the development of the sprouts, and in some instances pre- 
vented their development. For this reason the conditions under which this 
injury occurs and other phases of correcting the toxicity of the chemical, 
should be given further study before the organic mercury compounds will 
become entirely satisfactory. In the meantime, the mercuric chloride treat- 
ments should be continued for the control of other parasitic fungi that are 
harbored on the sweet potato. The most efficient control of scurf, however, 
is easily obtained by the use of disease-free seed, as is clearly shown in the 
results given above, since they indicate that a clean crop of potatoes will be 
obtained when healthy plants are used on uninfected soils. 


Report of the Department of Plant Physiology 


Joun W. SHIVE 


Work on-ethe projects in the department of plant physiology 
has been continued during the year and several new studies have 
been undertaken. From time to time throughout the year results 
have been published, and the following papers contain data on three 
of the investigations under way. 


EFFECTS OF BORON ON THE GROWTH OF VICIA FABA IN 
CULTURE SOLUTIONS 


A. B. FAGUNDES 


The study of the mineral composition of vegetable matter has led several 
investigators to consider the possible existence of many elements necessary to 
plant growth aside from those commonly accepted as essential. Among those 
which have been thought by some authors to be indispensable to certain plants, 
one element, boron, in recent years has been occupying the attention of plant 
physiologists. That boron is a constituent of plant material was known to 
Wittstein and Apoiger in 1857, after their studies on the composition of a 
species of Primulaceae. Since then the presence of boron has been detected by 
several workers in a great variety of plants comprising a large number of 
families. Since the beginning of the present century, many physiologists have 
been experimenting with boron as a stimulant for plant growth. Among the 
more important contributions to the subject are those of Agulhon (1, 2, 3) in 
France, and those of Brenchley (4, 5, 6) and Warington (9) in England. 

Agulhon, after detecting the presence of boron in several plants and plant 
products, failed to observe any stimulation caused by boron on the growth of 
yeasts, lactic ferment, and Aspergillus niger. He observed marked stimulation 
in the case of wheat and oats grown in water cultures, as well as in sand 
cultures. He also found a favorable effect on the action of some enzymes, and 
concluded by classifying boron as a “particular element” which probably acts 
as a Catalyst, indispensable to certain groups of organisms, which by force of a 
long heredity have been adapted to live under particular conditions. 

Warington, after a long series of experiments on the nutrition of Vicia fab«, 
does not accept the view of Agulhon, on the grounds that this element is re- 
quired, although in minute quantities, in all stages of the growth of this legume. 
In the constant need of small amounts of boron throughout the life of certain 
plants, Warington sees a possible analogy between the function of this element 
in plant life and the function of vitamins in animal life. 

Brenchley and Thornton (6), in a recent investigation on the development, 
structure, and functioning of nodules on Vicia faba as influenced by the presence 
of boron, have noticed in the plants deprived of that element a defective vascular 
supply of the nodules, accompanied by an abnormal development of these and 
by reduced nitrogen fixation. According to the authors, this insufficient vascular 
supply of the nodule, probably by causing a reduction of the carbohydrate 
material available to the nodule organisms, would be responsible for the 
tendency shown by the bacteria to become parasitic and attack the protoplasm 
of the host cells for their supply of energy. 

The purpose of the work carried on at this laboratory on the question of 
boron stimulation, of which the present article is merely a preliminary report, 
involves an investigation on the generality of the responses to boron application 
and a study of the nature of these responses. 
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The Rothamsted culture solution, which has been used in the work conducted 
by Warrington (9), has the following composition : 


KHePO.4 0.5 gm. MegSO4 ~ 05. Bie 
KNOs iO sm. Wy FeCl, 0.04 gm. 
NaCl 0.5 gm. CaSO4 OS: Game 


Distilled water to make up to a liter. 


For the sake of comparing the effects of boron in two Gifferent culture 
solutions, identical concentrations of this element were supplied as boric acid 
to plants growing in the Rothamsted culture solution of the above composition, 
and to plants growing in the Modified Tottingham solution (7), a Tottingham 
solution T3R yC4 (8) in which the KNOgs is replaced by (NH4)2SQO4 in an 
isosmotic concentration. The molecular concentrations of the components of 
this solution, which has a total concentration corresponding to cne atmosphere 
osmotic pressure, are as follows: 


KHePO4 00624 
MegSQ4 00404 
Ca(NOs)e 00576 
(NH4) 2504 00135 


An aqueus solution of ferrous sulfate was added in small quantities to the 
culture solution only as the plants by their color and general appearance showed 
that they required iron. 

Selected seeds of Vicia faba were germinated in damp sphagnum moss, 
where they were kept for about ten days before the seedlings were placed in 
the different solutions. These were contained at the beginning in 1-liter Erlen- 
meyer flasks of Pyrex glass; but in view of the fact that the roots of some 
plants acquired a very large volume, it was thought advisable to change all the 
plants to 2-quart jars. 

Nineteen days after the plants were placed in the solutions, some marked 
influences of the presence of boron could be observed in the development of the 
plants grown in the Rothamsted solution. The plants grown in this solution 
to which no application of boron had been made were very much retarded in 
growth, but the plants in the treated cultures showed an apparent correlation 
between the amount of boron applied and the development of the shoots. More 
striking effects, however, were noticeable in the development of the roots. The 
plants deprived of boron, and to a lesser extent those to which boron has been 
supplied in the concentration of 1 : 100,000,000 produced roots which were 
stunted and stubby in appearance with very few and very short lateral branches ; 
whereas the plants growing in the solutions to which boron had been added 
produced an abundance of long fibrous roots. At the same stage of development, 
the plants grown in the Modified Tottingham solution treated with boron did 
not show any markedly stimulating effects of this element so far as the growth 
of tops was concerned. The development of the roots, however, was much 
better than in the cultures without boron, the long fibrous growth contrasting 
sharply with the stubby appearance of the roots of the check plants. It is 
important to emphasize here that the Modified Tottingham solution T3RiC4 
produced more vigorous and healthy Vicia faba plants than did the Rothamsted 
solution during the early phases of development. As a matter of fact, the 
Rothamsted solution as here used proved to be a rather poor medium for the 
early growth of this plant, and for this very reason, perhaps, the stimulating 
effect of the boron treatments was quite pronounced. The Modified Tottingham 
solution, on the other hand, produced excellent plants which, because of their 
vigorous healthy condition, failed to show the marked response to the boron 
treatment exhibited by the less vigorous plants grown in the Rothamsted solu- 
tion.’ ‘It is interesting to note also that the plants grown in the Modified Totting- 
ham solution containing boron required higher concentrations of ferrous sulfate 
to maintain the normal green color than did the plants grown in this solution 
without boron. The reason for this apparently higher iron requirement is at 
present not clear. 
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The data in Table 1 show some of the results obtained with the two. sets 
of cultures. In spite of the irregularity of these data they indicate: that, under 
the conditions of the experiment, there was a decided influence of boron on the 
development of both tops and roots of the broad bean plant. It will be ob- 
served that the yields from the Modified Tottingham solution are in no case 
less than double the corresponding yields from the Rothamsted solution, and 
these differences in yields are by no means offset by the differences in the age 
of the plants when harvested, since the superiority was quite readily observed 
from the beginning of the experiment, as previously noted. 


‘TxeuEe | 


Relative Dry Weights of the Yields of Vicia Faba Grown in the, 
Rothamsted Solution and in the Modified Tottingham Solution 
T,R,C, With Varying Amounts of Boron as Boric Acid 


RoTHAMSTED SOLUTION MoprFieD TorriNGHAM SOLUTION 
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Increase in total yield of dry plant substance over that produced by the 
check cultures due to the low applications of boron to the culture solutions is 
clearly expressed by the relative numbers in columns 4 and 8 of table 1. 
There is some indication that the optimum concentration of boric acid for both 
solutions lies between 10 and 20 p.p.m. The Rothamsted solution which pro- 
duced the maximum total dry weight yield contained 10 p.p.m. boric acid. The 
average total yield from this solution was 127 per cent higher than the cor- 
responding yield from the check cultures. The average maximum total yield 
of dry plant substance produced by the Modified Tottingham solution occurred 
with 20 p.p.m. boric acid and was 36 per cent higher than the corresponding 
yield from the check cultures. The relative superiority of yields from boron- 
treated cultures over those from the corresponding checks was very much 
greater for the Rothamsted solution than for the Modified Tottingham solution, 
thus indicating that the stimulating influence of boron upon the growth of 
these plants is much less pronounced in a solution which produces good growth 
than in a solution which produces relatively poor growth. If to this is added 
the fact that at the beginning of the experiment the differences between the 
plants grown under different boron concentrations were more marked in the 
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Rothamsted solution than in the Modified Tottingham solution, there appears 
to be a strong suggestion that the effects of boron upon the growth of this 
plant are somehow accentuated by, if not entirely due to, certain conditions 
which are inherent in the culture solution itself. 

It is to be expected that in some culture solutions the stimulating effects of 
boron would quite probably be even more accentuated than those which have 
been observed in connection with the Rothamsted solution. On the other hand, 
in culture solutions best adapted to the growth of this plant, it is entirely 
possible that boron could exert no stimulating influence, but only an injurious one 
and could, therefore, not be regarded as an essential element for growth nor 
as possessing a specific function. This, however, remains to be demonstrated. 
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ABSORPTION OF NITROGEN FROM CULTURE 
SOLUTIONS BY PLANTS 


C. D. Jones anp C. E. SKINNER 


The literature pertaining to the subject of the relative availability of nitrate 
and ammonium salts has been reviewed by Hutchinson and Miller (3) and by 
Jones and Shive (4). Earlier work has shown that the ammonium and the 
nitrate ion are each assimilated by plants, and that growth is promoted by 
both forms of nitrogen. Either form may serve as a sole source of nitrogen 
for many plants, but in general the plants grow best when supplied with nitrates. 
It was found, however, that plants grown in solutions or soil contained more 
nitrogen per unit of dry weight when the nitrogen was supplied as ammonium 
salts. 

Much of the earlier work with solution cultures in this connection was 
carried on for very short periods of time, or else the solutions were left un- 
changed for long periods. As has been shown by Jones and Shive (4) the 
reaction of a solution is changed very rapidly toward the basic range when 
nitrogen is supplied as Ca(NOz)2, and becomes more acid when (NH4)2SO4 
is the form of nitrogen used. In other words, the change in pH of a nutrient 
solution is conditioned by the differential absorption of ions. Even a few hours 
of contact of plant roots with solutions made a distinct change in the pH of a 
solution. For this reason it is not certain that the superior growth of 
plants in solutions containing nitrates over those grown in solutions containing 
only ammonium salts is not due to different hydrogen-ion concentrations after 
six weeks of contact with the roots. 


EXPERIMENT STATION REPORT So SOL 


Prianishnikov (6) in some recently published results covering several years’ 
experimental work, indicates that ammonium salts proved to be a better source 
of nitrogen for vetch and maize in the early stages of growth than did nitrates. 
The reaction of the solution was controlled by the addition of CaCOs, by 
frequent renewal of solution, or by the use of NH4HCOgz as a source of am- 
moniacal nitrogen. 

Jones and Shive grew wheat (4) and soybeans (5) in balanced solutions 
containing nitrogen in both ammoniacal and nitrate forms, and in similar 
solutions in which KNOsg replaced the (NH4)2SO4. The solutions were re- 
newed twice a week. The plants grown in the solutions containing ammonium 
ions were uniformly better than the plants which depended upon nitrates alone 
for their nitrogen, provided the iron supply was adequately controlled. Prince, 
Jones, and Shive (7) have shown that soybeans in the early stages of growth 
absorb more nitrogen from solutions containing both ions. Here again the 
absorption of the ammonium ions was correlated with an increase in the acidity 
of the solution. 


The work which is here presented was designed to show the actual and rela- 
tive amounts of nitrogen withdrawn by plants during definite short intervals 
throughout the whole growth cycle from frequently renewed, balanced culture 
solutions containing both ammonium and nitrate ions. 


Experimental 


Soybeans were germinated in sphagnum moss, and uniform seedlings were 
transferred to jars containing the culture solution. The culture medium for 
the first two series was the Modified Tottingham Solution (8), TyRiCs, con- 
taining (NH4)2SO4, Ca(NOs)2, KHePQ4, and MgSQO,4 in the following 
volume-molecular proportions: 0.0014, 0.0073, 0.0021, and 0.0071, respectively. 

Ordinary 2-quart fruit jars of colorless glass were used as culture vessels. 
Each contained three plants mounted in a 2-piece cork stopper as designed by 
Tottingham (8). The solutions were renewed by the daily addition of 1 liter 
of fresh solution, according to the “drip and drain” method of Allison and 
Shive (1). The cultures were aerated at all times by bubbling air through the 
solutions. 

At the end of every second week, beginning with the third week after the 
plants were transferred to the jars, the absorptive action of the plants was 
ascertained in the following manner: a series of small jars each containing 
400 cc. of the culture solution was prepared. The plants growing in the culture 
vessels were then transferred to the small jars by simply transferring the cork 
stopper in which the plants were mounted from one to the other jar. They 
were there allowed to remain for periods of time ranging from 4 to 48 hours, 
whereupon they were returned to the original jars. The nitrogen composition 
in the small jars was then determined by the procedure recommended by the 
Standard Methods for Water Analysis (2), except that the standards were 
made from the original solution and a Duboscq colorimeter replaced the com- 
parator tubes. For the later experiments, a more accurate method of determi- 
nation was used, which will be given in detail in a following section. 

_The manner in which these experiments was carried out would probably 
eliminate any possibility of nitrification. The initial reaction of the culture 
solution was approximately pH 4.8. This alone should prevent the activity 
of any nitrifying organisms which might be present. Furthermore, the short 
periods of exposure (never more than 48 hours) would also elminate this 
possibility. 

Table 1 shows the amounts of nitrogen in both nitrate and ammoniacal form 
which were removed by the three plants from 400 cc. of solution containing 
39.2 mgm. of ammonia nitrogen and 204.4 mgm. of ‘nitrate nitrogen per liter 
(p.p.m.) at the start. 


The table indicates that both forms of nitrogen are utilized, but it appears 
that the plants absorbed only ammonium nitrogen at the 3-week stage of growth. 
This can not be asserted positively, however, since the method of analysis em- 
ployed was not sufficiently sensitive to measure very small differences in nitrate 
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TABLE 1 
Ammonium and Nitrate Nitrogen Removed from 400 cc. Modified 
Tottingham Solution T,R,C; by Three Soybean Plants of Different 
Ages and for Various Periods of Time—Series 1 


T.meof PLants 3 WEEKS OLD PLANts 5 WEEKS OLD 
contact of Nitrogen as Nitrogen as Nitrogen as Nitrogen as 
roots with NH4 removed | NOg removed | NH4 removed | NOg removed 

solution per liter per liter per liter per liter 

hours mgm. | mgm. mgm. mgm. 

0.0 0. 0.0 0.0 

8 0.0 0.0 0.0 0.0 

12 2.9 0.0 3.9 0.0 
16 0.0 0.0 3.9 Zon0 
28 0.0 0.0 7.4 25s 
36 LESS 0.0 7.4 bit 
48 14.7 | 0.0 13d 81.8 


content. Certainly, however, the plants did not absorb relatively nearly so 
much nitrate from solution during an experimental period at the end of 3 
weeks as they did at the end of 5 weeks. It will be observed also that at the 
end of the 5-week period of growth, the plants absorbed nitrate nitrogen at a 
considerably higher rate than they did ammonium nitrogen; a condition just the 
reverse of that which prevailed when the plants were 3 weeks old. 


These plants were grown during the months of June and July and attained 
a very large size for plants of this age. The experiment was repeated in 
greater detail during a cool, cloudy autumn season, and was continued until 
the plants reached maturity (9 weeks after the plants were placed in the 
solutions). These plants were not so large as those of the preceding experiment, 
averaging 13.26 gm. in dry weights of tops per culture, but they were very 
healthy and were entirely normal in appearance. The results of this experiment 
are given in table 2. 


The data of this series show that ammonium nitrogen is absorbed from 
solution throughout the life of the plant and at somewhat similar rates. It 
was only during the later stages of growth, however, that nitrate nitrogen was 
absorbed from solution in amounts large enough to be detected by the method 
of analysis employed. : 


The data of series 1 and 2 indicate that ammonium nitrogen is readily ab- 
sorbed from solution by the soybean plant at all times, even when the nitrate 
nitrogen content of the medium is several times as great as the ammonium 
nitrogen content. The data do not indicate definitely at what stage of develop- 
ment the plants begin to absorb nitrate nitrogen at significant rates, nor do 
they show what might be the relative rates of absorption of nitrogen in the two 
forms when they are present in the medium in somewhat equal proportions. 
To answer this question, the experiment was repeated with modifications during 
the following season (May-June, 1925). Here the plants were grown in solu- 
tions containing approximately the same amounts of ammonium and nitrate 
nitrogen. Intermittent solution renewal was substituted for the drip and drain 
method employed in the preceding series. The solutions were renewed twice a 
week. In addition to soybeans, a pure line maize was also grown. Unfortu- 
nately, excessive heat necessitated the discarding of the soybeans after 3 weeks’ 
growth and the corn after 6 weeks. Up to this time, however, the plants were 
very vigorous and healthy. 


The methods of analysis used were as follows: the 400 cc. of solution was 
washed into a 1-liter flask, made up to volume and then divided into two equal 
portions and poured into Kjehldahl flasks. Then 5 cc. of 50 per cent KOH 
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was added and the solutions were distilled. The distillate was collected in 
standard acid and the amount of NH4q nitrogen was determined by titration. 
The residue was cooled, water and Devarda’s alloy were added to reduce the 
nitrates to ammonia. The distillate was collected and titrated as before. This 
was taken to represent the nitrate nitrogen. The results obtained from dupli- 
cate cultures checked closely and were averaged. Data of the analyses are 
given in table 3. 


These data show again that both ammonium and nitrate nitrogen are simul- 
tarieously absorbed by the rapidly growing plants. In this series the soybean 
plants began to absorb nitrate nitrogen in significant amounts at an earlier 
period than did those of the preceding series, no doubt because the plants of 
this series developed at a very rapid rate. The corn plants at the end of the 
3-week period were still absorbing ammonium nitrogen at a considerably higher 
rate than nitrate nitrogen, but at the end of 5 weeks this condition was reversed. 
It will be noted also that at the end of the fifth week three corn plants ab- 
sorbed practically all the nitrogen present in 400 cc. of culture solution in less 
than 48 hours. 


In order to determine what would be the relative rates of absorption of the 
two forms of nitrogen when present considerably in excess of the amount 
which the plants could absorb in 48 hours, solutions were prepared containing 
double and quadruple the amounts of (NH4)2SO4 and Ca(NQ'3)2 present in the 
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Ammonium and Nitrate Nitrogen Removed by Three Maize Plants 
in 12 Hours from 400 cc. Modified Tottingham Solution T,R,C, 
Containing 39.2 mgm. and 40.2 mg. per Liter, Respectively, and from 
Solutions Containing Double and Quadruple This Amount of Am- 
monium and Nitrate Nitrogen (Average of Two Cultures)—Plants 


5 Weeks Old 
NITROGEN IN SOLUTION 
NG eS NO NITROGEN AS NHgq RE- NITROGEN AS NOs RE= 
4 3 MOVED PER LITER MOVED PER LITER 

per per 
liter liter 
mgm. mgm | mgm. | mgm: 

39.2 40.2 19.8 oo 

78.4 ~ 80.4 20.8 65.3 
156,804 160.8 | eis 72.6 


original solution. These solutions contained approximately 160.32 mgm. and 
320.0 mgm. total nitrogen per liter, respectively, the two forms of nitrogen 
being present in approximately equal proportions in each case. Corn plants 
were grown during a period of 5 weeks and the cultures were then transferred © 
to these, as well as to the original solutions, for an experimental period of 12 
hours. The average results-of the analyses are presented in table 4. 


It will be observed that absorption of ammonium nitrogen does not materi- 
ally increase with increase in concentration of the ammonium salt in solution. 
On the other hand, increase of nitrate nitrogen does increase markedly as the 
nitrate content of the medium increases. This has also been suggested in con- 
nection with the preceding series. It thus appears that the absolute absorption 
from solution of nitrogen in the ammonium form takes place at a somewhat 
uniform rate, which is not determined by the age, vigor, or rate of growth of 
the plants nor by the concentration of this form of nitrogen in the medium. 
This means, of course, that the relative absorption rate of ammonium nitrogen 
per unit area of absorbing surface decreases as the total absorbing surface in-- 
creases with the age of the plant. It appears further that the factors which 
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affect the absorption rates of ammonium nitrogen do not apply with respect 
to the rates of absorption of nitrate nitrogen, which are determined, to a certain 
degree at least, by the age, vigor, and growth rates of _the plant and by the 
concentration of nitrates in the medium. It is certain, however, that the 
total complex of factors governing the removal of ions containing nitrogen 
from growth media by plants is as yet quite obscure. 
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THE EFFECT OF DIFFERENT WATER LEVELS ON 
THE GROWTH OF CRANBERRIES 


Ber DRIGGERS 


Introduction 


The management of water on a cranberry bog is one of the most important 
problems with which cranberry growers have to deal. Where sufficient storage 
water is available, the practices involved in the handling of large amounts of 
water, such as flowing for insect control and frost protection, have all been 
fairly well worked out and understood. On the other hand, considerable varia- 
tion occurs in practices dealing with irrigation and drainage, even on bogs 
having similar types of soil. 

No data have thus far appeared which tend to show the effect on the growth 
of the cranberry plant of holding the water level at various depths throughout 
the growing season. Beckwith (1), basing his opinion on general bog practice, 
states that “newly planted bogs must be drained to a point at least one foot 
below the surface of the bog in order to providé room for root development 
and to keep the surface dry enough to hinder weed seed germination.” Frank- 
lin (6), writing from the standpoint of bog management in Massachusetts, sums 


up our knowledge of water requirements in a cranberry soil during the growing 
season. He says: 


; Practice varies in cranberry bog irrigation, and it is not certain what the best usage 
is. Occasional partial flooding for a few hours at night followed by complete withdrawal 
of the water is better than holding the ditches full a long time during the growing season. 
Most bogs probably are kept too wet rather than too dry. Some do, however, sometimes 
suffer from drought. If the sand is moist within half an inch of the surface, the vines 


have all the water they need, even though the surface itself is quite dry and the water 
table is low. 
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It is a well known fact that the roots of growing plants require oxygen 
for proper development; some plants require more than others. A compre- 
hensive summary of the extensive literature on the subject has been made by 
Clements (3). 


The oxygen content of water in a saturated soil under ordinary conditions 
is insufficient for the needs of most agricultural plants. Coville (4) has found 
that the swamp blueberry, a member of the heath family to which the cran- 
berry also belongs, requires abundant aeration of the root zone during the 
growing season. Under field conditions in a sandy soil the blueberry grows 
well when the water table is kept two to three feet below the surface of the 
soil. The blueberry is a fast growing, deciduous plant, and where the soil 
becomes saturated for an extended period of time, the foliage of the plant 
takes on a reddish cast and growth is slow. 


Although closely related to the blueberry, the cranberry plant differs from 
the former quite markedly in several respects. The cranberry plant is a low 
growing evergreen with a poorly developed root system and with pronounced 
xerophytic foliar adaptations. Being a slow grower and having tough, leatherly 
leaves, the cranberry plant would probably not respond to changes in the mois- 
ture content of the soil so quickly as a fast growing deciduous plant like the 
blueberry. However, where the moisture content of the soil is above or below 
the optimum for this plant, one would expect to note a difference in growth 
after one or two seasons. 


Procedure and Description of the Plots 


In the belief that cranberry vines suffer more often from too much moisture 
in the soil than from too little, a type of soil was selected for the ex- 
periment where water levels are more apt to be found high than low. A typical 
mud bottom bog was selected that had sufficient storage water to maintain the 
various water levels throughout the growing season. 


The history of the bog is as follows: the bog site originally supported a 
dense mass of cedars, at the base of which grew a carpet of sphagnum moss. 
The cedar was first cleaned off and the bog planted to cranberries some fifty 
or sixty years ago. Because of improper care, the original bog became run 
down and other bog plants, such as blueberry, cedar, maples, and various ferns, 
began to establish themselves. About twelve years ago the bog was drowned 
for two years, leveled, reditched, and to all purposes made into a new bog. 
The new bog was planted with cranberry plants of the Howe variety com- 
monly grown in New Jersey and one that has been found to do well on muck 
soil. The layer of peat on this bog is made up almost entirely of organic 
matter. The first six to ten inches is made up of muck-plant remains. Below 
this layer of well disintegrated organic matter is a layer of roots, stumps, and 
logs that have been fairly well preserved by being submerged. Under this layer 
of stumps and logs is a layer of coarse sand and gravel, and below that a 
layer of “hard pan.” At the time the experiment was started in 1922, the vines 
were nine to ten yeras old and were just coming into good bearing. 


Drainage of the bog was secured by means of a central ditch that divided 
the bog approximately into halves. Laterals at 10-rod intervals extended from 
the shore to the central ditch. One of the “lands”! near the middle of the 
bog was divided into plots 1 rod square, with 1-rod intervals between the plots. 
An examination of figure 1 will give a clear picture of the layout of the plots. 
It will be seen from the figure that there are 5 rows of plots, each row con- 
taining 5 plots. It was planned to hold the water at various levels in the 
lateral ditches at the outer limits of the rows. Suitable stops were placed in 
the ditches to hold the water at the required levels. Arrows show the direction 
of flow of the irrigation water, and the figures between the “stops” in the 
margins representing the ditches show the level of the water below the surface 
of the bog. It was planned to hold the water at the surface or only 2 to 3 


1A “land”? is the area between two lateral ditches. 
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inches below the surface, in the first row of plots, 6 inches below the surface 
in the second row, 9 inches in the third row, 12 inches in the fourth row, and 
15 inches in the fifth row. 


When the water levels were first adjusted, it was noticed that the water 
levels of the plots farthest away from the ditches would fluctuate more than 
the water levels of the plots nearest the ditches. Also there was a sloping off 
of the water table from the first row of plots toward the last row of plots, 
because of slow seepage from a higher to a lower water level. In order to 
record the actual water levels throughout the season, wells were dug at the 
four corners of each plot below the probable water level. Measurements of 
the water level in these wells were made every second or third day throughout 
the growing season. In this way the average water level throughout the growing 
season was secured for each plot. 


The different water levels were not adjusted in time to affect the growth 
for the season of 1923. The water levels were adjusted and held from August 1 
to September 1, 1923. Lack of water in the reservoir necessitated the lowering 
of all the water levels at that time. In 1924 the water levels were maintained 
from the middle of May until September 26, when the crop was harvested. 
During 1925 the water levels were maintained from June 9 to September 7. 
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Measurements of Vegetative Growth and Crop Production 


The vegetative growth of the plants on the several plots was recorded by 
measuring the length of the uprights and by counting the number of uprights 
to a square foot. Seventy-five uprights were measured in opposite corners of 
each plot and the average length of the 150 uprights was taken as the average 
length for the whole plot. The number of tips .to a square foot in opposite 
corners of each plot was counted and the average of the two taken as the 
average for the plot. The yield of berries from each plot was recorded in 
pounds. The percentage of rot found on each plot was determined by mixing 
the berries thoroughly and counting the number of infected berries in a lot 
of 400 from each plot. 


Table 1 is a compilation of all the data for each plot for the growing 
seasons 1923, 1924, and 1925. These data do not show very clearly the effect 
of the different water levels on the growth and yield of the cranberry vines, 
because of the variation encountered from plot to plot. In order to show 
more clearly the effects on the vines of the different water levels, the data in 
table 1 were condensed by combining and averaging the data obtained from 
the plots having water levels the same or nearly the same. All of the 25 
plots were divided into 5 arbitrary groups, depending on the depth of the 
water level. Thus: group 1 is made up of plots 1, 2 and 3, and represents the 
water levels between 0 and 3 inches; group 2 is made up of plots 4 to 10 in- 
clusive and represents water levels between 3 and 6 inches; group 3 is made up 
of plots 11 to 15 inclusive and represents water levels between 6 and 9 inches; 
group 4 is made up of plots 16 to 20 inclusive and represents water levels be- 
tween 9 and 12 inches; group 5 is made up of plots 21 to 25 inclusive and 
represents water levels between 12 and 15 inches. 

It should be borne in mind that the water levels for 1923 (table 2) were held 
only 1 month during the latter part of the growing season. The water levels 
probably affected only the amount of rot. The remainder of the data in table 
2 show the condition of the plots at the time the experiment was started. 


ey 3 and 4 show the effects of the water levels for the seasons 1924 and 
1925. 


Discussion of Results 
The Effect of Different Water Levels on the Vegetative Growth 


An examination of that part of the data dealing with vegetative growth 
in table 2 shows that the plots where the water levels were held nearest the 
surface during the following seasons (1924-25) had a heavier vegetative growth 
than the plots where the water levels were held low. These data serve only to 
show the condition of the plots at the time the experiment was begun, since 
the vegetative growth, and to a large extent the crop of this season (1923) 
had already been determined before the water levels had been adjusted; so that 
the adjusted water levels at this period (August 1) could affect only the develop- 
ment of disease attacking the crop. That the adjustment of the water levels 


TABLE 2 
Vegetative Growth, Vield, and Percentage of Rot for 1923 


|Group 1|Group2|Group3|Group 4|Group 5 
Meepiieatewater jevel,......... inches| 03 | 36 | 69 | 9-12 | 12-15 


Average length of uprights... .inches| 3.29 | 2.95] 2.94 | 2.78 | 2.65 
Average number uprights per. square | 
20 B57) 05] 1 306 363 341 | 339 
NOCH one 5 ee pounds | 28.20 | 28.65.| 17.12 | 0.92 | 20.74 
eRe eS her cent oso. vine4141 16,20.) 8i4. 19.0 
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at this period had a decided influence upon the prevalence and development oi 
the disease is clearly shown by the data of table 2, but this will be considered 
in a later section. 

_An examination of tables 3 and 4 shows that the vegetative growth for 
the seasons of 1924 and 1925, as measured by the average length and number 
of uprights, is the reverse of that found in table 2 for the season of 1923. 
During these two seasons the vegetative growth was found to be lowest where 
the water level was highest, increasing with each lowering of the water level 
until a depth of 12 inches was reached. After this no further. increase in 
vegetative growth was obtained with further lowering of the water level. 
Best average growth was obtained on the plots where the water levels were 
held about 12 inches below the surface of the bog soil. 


TABLE 3 
Vegetative Growth, Yield, and Percentage of Rot for 1924 


Group 1| Group 2| Group 3|Group 4| Group 5 


Depth) of ;-watenilevelw emer inches| 0-3 | 3-6 6-9 9-12 | 12-15 
Average length of uprights....imches| 2.54 2.05 3.10 3.146} 3.012 
Average number uprights per square 


foot si luke topline Nat ee 313 1355.1. 13795. 3.°7 300; ti Goo ee 
Vieldoict te oe Ge yee ee pounds | 58.7 | 55.7. | 68.82 | 71.66 | 71.46 
Rot seal. Sepa ea eee per cent | 27.8 19.4.\). 2642 9.8 fat 
TABLE 4 


Vegetative Growth, Yield, and Percentage of Rot for 1925 


Group 1|Group 2| Group 3| Group 4|Group 5 


Deptheot- water level iso inches | 0-3 | 3-6 6-9 9-12 | 12-15 
Average length of uprights....imches| 2.37 | 2.49 | 2.77 (2s 


Average number uprights per square | | 


EQIAES SON oe etemca thane eee tee aera!) Pane 471.4 |475.6 [452.2 
DY aaa Cana CE ee Ose UP sah pounds| 16:7 | 20.5 | 1972) S25 Geeta 
ROE Winches as atten ag per cent | 4.16 | 2.93 |” 4.16 1°32 2.6 


Throughout the growing season of 1924 the foliage on the plots where 
the water level was highest showed an unhealthy tone.. Instead of the dark 
green that is characteristic of a healthy cranberry plant, the foliage had a 
slightly yellowish cast, particularly in the first group of plots. During the 
season of 1925 the yellowish color of the foliage was even more marked than 
it was during the season of 1924. Throughout the season, the foliage on the 
plots with highest water levels had a yellowish-red cast that could be noted 
from a distance. . 


Effect of Different Water Levels on the Yield 


The difference in yield between plots from high water levels to low water 
levels is even more pronounced than is the difference in the vegtative growth. 
The data of tables 3 and 4 show that the higher water levels cause a marked 
decrease in yield, in comparison with the yield from the plots with lower water 
levels. This clearly indicates that a water level held at 6 inches or less below 
the soil surface of the bog in question during the season of active development 
exerted a decidedly adverse influence upon both vegetative growth and yield 
of the cranberry. This is emphasized by the fact that the vegetative growth 
of the preceding year was most vigorous and the crop largest on these very 
plots which showed relatively the lowest plant vigor and smallest crop of the 
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seasons 1924 and 1925 under the adverse influence of high water levels. It is 
generally true that the larger the number of uprights per square foot, the 
smaller the percentage of total uprights bearing fruit. As the number of up- 
rights per square foot decreases, the percentage of the total uprights bearing 
fruit increases. This variation tends to stabilize the yield. Nevertheless, the 
yields, with some exceptions, generally follow the trend of vegetative growth as 
here measured by the average length and number of uprights. The explanation 
of the superiority of the yields of all the plots in 1924 over those of the corre- 
sponding plots in 1923 lies in the fact that the vines had not come into full bear- 
ing in the season of 1923. It will be observed also that the yields from the sev- 
eral plots were considerably lower in 1925 than were the corresponding yields in 
1924, This falling off in the yields for 1925 was caused partly by a heavy frost 
that injured the vines in the late spring of 1925 and partly by the adverse 
weather conditions obtaining at the time of blooming. 


Effect of Different Water Levels on the Percentage of Rot 


The most noticeable effect of holding the water at the various levels during 
1923 was in the amount of rot. Although the water was held at the various 
levels only during the month of August, 1923, the increase of rot where the 
water level was highest over that where it was lowest was very pronounced. 
This increase where the water levels were highest was to have been expected 
when it is considered that the fruit on the vines is subject to infection up to 
the time of harvesting, and also in storage, provided the conditions for the 
development of the fungus are favorable. For vigorous development, the fungi 
causing cranberry diseases (principally Guiguardia vaccinit Shear, and Acan- 
thorynchus vaccint Shear) require moisture and a rather high temperature. 
Summer temperatures on cranberry bogs are sufficiently high for these diseases 
to infect the berries, provided there is sufficient moisture. The presence of 
excess moisture on the plots where the water levels were highest explains the 
high percentage of rot. 


The percentage of rot for 1924 follows, in general, the percentage of rot for 
1923. Here again was found the highest percentage of rot where the water 
levels were highest and the lowest percentage where the water levels were 
lowest. The percentage of rot for 1925 was not large enough on the plots as a 
whole to show any distinct differences between the high and low water levels, 
yet here again the highest and lowest percentages of rot occurred on the plots 
having, respectively, the highest and the lowest water levels. The unusually 
low percentage of rot on all the plots is probably accounted for by the weather 
conditions prevailing during the growing season of 1925. At the beginning of 
the season’s growth, the bog was frosted rather severely. This frost injury 
cut down the probable crop as much as 25 or 50 per cent. During. the month 
of June another inroad was made on the crop by a week of hot, dry weather, 
followed by several days of rain when the vines were coming into bloom. The 
hot, dry weather caused a number of the immature blossoms to wither and dry 
up, and the wet weather following the dry weather was favorable for the 
development of the fungus Acanthorynchus vaccinii Shear, which causes 
the blasting of cranberry blossoms; consequently, the number of blossoms fail- 
ing to set fruit was increased by this disease. Those berries which survived 
the unfavorable weather conditions of early summer experienced favorable 
weather for the remainder of the growing season and were, therefore, almost 
free from infection by fungous diseases. It is reasonable to suppose, also, that, 
other things being equal, vines having a light crop can mature a larger per- 
centage of sound berries than vines having a heavy crop. 


Another factor that probably contributed to the low percentage of rot in 
1925 was the time of harvesting. The crop was harvested that year two weeks 
before the berries were mature. It was necessary to harvest the crop early, 
in order to flood the bog for the control of the cranberry girdler. Had the 
crop remained on the vines two weeks longer there would undoubtedly have 
been additional infection. 
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Report of the Department of Poultry Husbandry 
W. H. ALLEN? 
PUBLICATIONS 


One of the many ways in which the department of poultry hus- 
bandry keeps in touch with the poultrymen in this state is through 
its publications. During the year twelve numbers of the Hints to 
Poultrymen series have been published. Approximately 9,000 copies 
have been mailed each month to people of the State desiring them. 
Poultrymen of other states and foreign countries are asking for 
these publications and an effort has been made to supply this de- 
mand. In the Hints to Poultrymen series, investigations in progress 
and those completed at this Station and at other Experiment Stations 
are reported in popular style as a guide to practical poultrymen. 

A list of Hints published during the past year, and their authors 
is given on page 47 of this report. 

During the year approximately 52 popular articles were written 
by members of the staff for the newspapers of New Jersey. Monthly 
articles were also written for New Jersey Agriculture. It is esti- 
mated conservatively that 200,000 people are reached monthly by 
the total publicity material emanating from the department. 


GENERAL AND PERSONAL SERVICE 


Because poultry keeping plays such an important economic part 
on most of the farms in New Jersey, and because of the fine repu- 
tation that this department has always had among the farmers of the 
state, it is only natural that the department is called upon to do a 
great deal of personal service, such as visiting farms, giving ad- 
dresses at public meetings, and answering many letters calling for 
poultry information. 

The following table shows approximately the amount of work 
done along this line by the department: 


ME MEPPULCTICL S “WIittell.. ocu.cc ccc csle ee ois ode se ek Gene oie 8,133 
Mamber ot letters) tov contestants... 62s. 0. esas. see 1,200 
PMI ETRE AL IVE ISIS css gig akc cf fio-s deine Beka aiestn bs alas we. 6 bss 160 
Pembersotmectings addressed... ....cassecnceecekivseerece 60 
MPIPIROCMSMATICCTHICS. oo s'.k seleiths 6 bk des bs Gaede es oe 4.500 


1Acting Poultry Husbandman in the absence of Willard C. Thompson, 
Poultry Husbandman. 
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The 1,200 letters to contestants listed in the above report are 
special letters which have been sent out from time to time when- 
ever the supervisor had information which he thought wise to bring 
to the attention of the contestants. Since October 1, a count has 
been kept of the number of mimeographed articles prepared—147 
stencils have ‘been written, and 52,300 copies issued. 


NEW JERSEY EGG LAYING CONTESTS 
Vineland International Egg Laying Contest 
This report takes up the third year of the last of the three-year 
contest plan at Vineland. The report is for the period from No- 
vember 1, 1924, through October 31, 1925. The total production 
for the year was 221,959 eggs, which is equivalent to 128.2 eggs for 
each bird. The percentage production for the year was 35.11. 
Table 1 shows the percentage production, and the number of eggs 
produced by each bird for each month during the year. 


TABLE 1 
Egg Production by Months 


Month Per cent Eggs per bird 
November? "i: 466.2 Se a es 4.0 1.20 
December . 224.0206) hee ee eae ee ees 26.1 8.01 
JANGANY \) ascoccs ward oe ba eae eee UL ee 40.0: 12.40 
Pebruary (iio. Qe eae eee oe 45.8 12.30 
Marehi) ita:). ot tas sod uo cutee rae 49.1 15.20 
APTOS Sink cade toes 455 pee ene eee SS:t 15.90 
Ma 5 ACL Be aire yew el eereialeie teens RA ee 52.0 16.10 
Jane. eet Se SE Re. ie Oe Re ae are ee 42.6 14.10 
PULLS ssp 3 Dacia aya ee. ret a 39.6 13.50 
Acousti-0< TRE Re OR Se ae ee ee 40.2 12.40 
September 0. ceuviau de tease pista eens, PX Vl. 6.30 
Qetober ac os ee ee en ee ee aa Bes 


The best production for any one pen was made by the C. C. 
Poultry Farm, New Brunswick, N. J., a Rhode Island Red pen, 
which made a production of 3,593 eggs. This is also the best record 
ever made at the contest by a Rhode Island Red pen. 

The leading pens in each variety at the Vineland Contest are as 
follows: 

TARLEEZ 

Leading Pens in Each Variety 


Pen Produc- 

Variety No. Owner tion 

Dia Pee Oceans 4) W. H. B: Kent, Cazenovia; N. Y (ocean 3,560 
W. Wyandotte.... 94 | D. O. Witmer, ‘Joplin, Mo cee 23. ieee 2,923 
S: GC. W. Lege 5135 eA Carisce, Ir, Toms River, N: Jose 3,115 
acl Redsee. ene 135 AG Poultry Farm, New Brunswick, NOUR: rc 
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Bype 


The ten highest pens at the Vineland Contest are given below: 


TABLE 3 


Ten Highest Pens in the Contest 


Pen 

Variety No. 
LS bow I pao 13 
Pep sROCK AG. oa 4 
PE BOCK. oss. ve 
Pie. Ler... 4 
Can VV Lee... 056). 48 
Pepe hOCK... .... 3 
ered. ..3...... 24 
perm. lueg:. J ix. 57 
W. Wyandotte 94 
Pomeeemed......... 23 


Produc- 

Owner tion 

C. C. Poultry Farm, New Brunswick, N. J..... 3,593 
WrarleBakent« Gazenoviawhinony scar tets obiee ds 3,560 
Norfolk Specialty Farms, St. Williams, Ont.... 3.297 
en lie Gatissern| LT. 2) LOMSRINIVEr, MIN ee laenit te cs te 3,115 
Beeb W enes eManeland tea fer, < iene tlossee es staat 3,108 
Ay Con Jones, Georgetown WSle aii s cele onde ns v0.8.5 3,030 
Ale Lipping, Clete woOu nine | cause... tee as ae oe 3,017 
Ghasme. Groves Milford, Weliccs 4. a a. atteee: 2,926 
IDC) a teree EON Lite Vis mes cick: © ate) ancty He a.cani 2,923 
Peel aviors (rsh IVerton t Nes locos vcore 2,900 


The eleven highest individuals making a record running from 
252 up to 287 eggs, are given in the following table: 


TABLE 4 


Eleven Highest Individuals 


Pen 

Variety No. 
W. Wyandotte... 14-12 
Pome Red. oc. 13- 5 
perce Lee... 93- 6 
W. Wyandotte.. 94-11 
mee hed... 13- 3 
W. Wyandotte... 94-15 
Pee a Rock... . 4-13 
W. Wyandotte... 94- 9 
Pee eROCK. . .... 4-9 
W. Wyandotte... 14-16 
ewig Redis'.... 20- 2 


Produc- 

Owner tion 

August Weiss, Upper Saddle River, N. J....... 287 
C. C. Poultry Farm, New Brunswick, N. J...... 262 
James Wy hetselOV ineland/#Ni Ji, 90. . aR 261 
PIC PANY itinier #) Opts WGA 8 y hy < Pte is ee eigiohs 260 
te arouliry Farm, New Brunswick, Weiicuses 258 
D. O. Witmer, Joplin, MGiG 7 Re Pe Ree 256 
Wit, Kent, Casenoviasin. *Y gat sdacisie a 256 
D. O. Witmer, Joplin, Moons we eae AREA 254 
Vitebts: 5 elcerit = CazenoviaveNe uy... sk 25.4. ee Zoe 
August Weiss, Upper Saddle River, N. J........ 252 
MaplesKarms/sCrosswicks; Ne Jastiseagious. ar 252 


Table 5 gives the feed report of the Vineland Contest by classes 


for eleven months. 


Number of birds 


Pounds grain consumed. . 
Pounds mash consumed. . 
Feed cost per bird...... 
Number eggs per bird... 
Value of eggs per bird.. 
Return above feed cost. 


sce ese 


.| 4.258} 3.757] 4.611 


TABLE 5 
Feed Summary 


: : n ¢ 
| Wes: as = aes eh cae = op 
See at elem mee) abr eeal oS 


Osher elm osle al2o6re Peoske 17 
47.34 | 44.03 | 41.06 | 45.19 | 37.79 | 47.88 | 33.26 
34.58 | 32.4 | 30.02 | 32.74 | 27.92 | 36.05 | 21.86 
2.417} 2.265} 2.074] 2.279] 1.932] 2.469] 1.538 

145.1 |130.9 |145.3 (144.5 127.7 |114.2 | 60.58 
6.675| 6.022] 6.685] 6.65 | 5.74 | 5.256] 2.787 
4.371| 3.808] 2.787] 1.249 
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On November 1, 1925, the contest at Vineland was put on a 
one-year plan, which means that the birds are kept one year, trapped 
through for the twelve months, and then sent home to the owners. 

The contest at that time started its tenth year. It was only nat- 
ural, therefore, that the houses, fences, and general equipment of the 
plant should have deteriorated considerably in that period. One of 
the big problems facing the new management was not only to pay 
up the indebtedness of the contest, but also to put the plant in a 
workable condition. A joint committee of the Vineland Poultry As- 
sociation and the Vineland Chamber of Commerce, consented to so- 
licit funds for this purpose. Through their efforts sufficient funds 
were obtained to make the needed repairs of the buildings and to 
put in concrete sills and floor. 

A special appropriation of $6,000 was obtained from the Legis- 
lature, $3,000 of which is being used to construct new fences, put 
the yards in permanent alfalfa sod, paint the buildings, and make 
other necessary repairs. 

Since November 1, the past indebtedness of the contest has been 
practically wiped out, largely because of the exceptionally fine pro- 
duction being obtained. For the first six months of the present con- 
test year 28,000 more eggs were obtained from the 1,000 birds than 
were obtained for the same period last year. Very likely the pres- 
ent contest will make a record for a production higher than was 
ever made there before, and better than has ever ‘been made at any 
contest in the Fast. 


Bergen County Contest 


The production for the year at the Bergen County Egg Laying 
Contest, which completed its second .year as a one-year contest on 


TABLE 6 
Egg Production by Months 


Month Per cent Eggs per bird 
November ect h oye coh On ee eae eee 15.4 6.3 
December oC hee a ae 28.7 9.5 
January |. 36 ans iain ite ease a eet ene 29.8 9.0 
Pepraary.) ic es aed sc aiciels choise se rea ee eaters 37.0 10.3 
Marehy iz Gee ea ee epee Oe ca ane reat 56.5 17.5 
Aprils. japonica aise tee t asee paeare ie aan canes 62.9 18.9 
May. sil ag st aeaa vie seep) «ie area ce ie or ote a hae 55:5 17.2 
Ja: Se ba ke been Gare ee os ea era 43.8 14.4 
J Ubye iad scary bie eter iaatle & med eee cans enemas 49.7 15.4 
AAIOUISE  G oica end ag eeteaeee telco Lie alacant eer 44.7 13.8 
September cchk fa uel: oe alta eter hers 28.9 8.9 


October cc oe ee eG ee cee. 14.1 4.4 
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October 31, 1925, was 288,443 eggs, which is equivalent to 144.4 
eggs per bird for the entire year. The percentage production for 
the year was 39.5 per cent. Table 6 gives the percentage production 
and the number of eggs produced by each bird for each month dur- 
ing the year. 
TABLE 7 
Leading Pens in Each Variety 


Pen Produc- 

Variety No. Owner tion 
ve gl Rigs dele) ee Diese: Jones, Georgetown, Delire..cians/sa seen: 3,298 
EU ROCK. 8s 4 oie: Wala We. GC, Matthews, Wilmington, Deli.2%o5. 2.7. . Oboe 
W. Wyandotte.... 17 | Horton Poultry Farm, Columbus, O............ BPR Ste, 
(OG Ee Pot aiseaconaloultry atm, Linden, oN. Jeles : su eees 3,040 
mete WV. Lege)... 31 | Laurel Hill Poultry Farm, Pearl River, N. Y... 4,092 
PAMICONAS dae tea 22.) 4W. H. Stetson, Westwood, Na tae ee 2,981 
iwiceg te... 5. s. 97 | Hamilton’s Leghorn Haris Gientora:'G)-. 4. 2 S5T 

TABLE 8 


Ten Highest Pens in the Contest 


Pen Produc- 

Variety No. Owner tion 
Syme yy 2 Le... .... 31 | Laurel Hill Poultry Farm, Pearl River, N. Y... 4,092 
PirGea Wir Leg.:... 2 a yieney sy aatobela North? Wiarren Pata. oot 3,983 
Pee Veg...) 5 SJ aiwisenrys app, |r. searminogaie, N, |i... 00 sciess 3,743 
Bee WW LED... 48 | Hollywood Poultry Farm, Woodinville, Wash... 3,714 
pu. W.)Leg...... 80 | Willgerodt Bros., Red Bank, N. J............. 3,648 
PGeW: Leg...s.s POOVaIY Narra ritis eutistOwnl: ING.) eveeies. eve dors oh ees 3,630 
peters Legs... .. 53 eres tleasley: «Grand: Rapids)’ Mich. 73... <: 3,625 
BN. Leg... ... 72 | Novins Poultry Farm, Toms River, N. J........ 3,561 
TEV BLES. wc ss 41 | Arnold Poultry Farm, Metuchen, N. J.......... 3,523 
Bree WV Lege. vs. 507) Geos Bo Ferris; Grand Rapids, Mich! 2.0. sa. +. 3,910 

TABLE 9 
Thirteen Highest Individuals 

Pen Produc- 

Variety No Owner tion 
S. C. W. Leg... 59- 7 | D. A. Williams, ney: INGE Yee clashes et 275 
S. C. W. Leg... 78-17 | The Kerr Chickeries, Brenchtown, Naa iiioe. PH 
S. C. W. Leg... 83- 4 | Marquis Poultry Farm, Toms River, eer ome sce% 270 
5, C..W. Leg... 39- 4 |. Geo. B.. Ferris, Grand Rapids, Michoud, wists 268 
S. C. W. Leg... 68- 9 | E-Van-So Farm, Blizabeth, (PasckK.) DwiNon oO... mco2 
S. C. W. Leg... 66- 5 | Evergreen Farm, Ridgewood, N. PO eae re as Pde 
SW. cgi oe-16.|. Henry ‘Js Ebel; North Warren; Pasi.. cs oecai eo 255 
mate. We Les... $0-10 | Willgerodt Bros., Red Bank, N.. Jone... a0. os. 255 
S. C. W. Leg... 54- 6 | Norman C. Jones, Georgetown, Del............ 254 
Waste ock. 0711-1851, We Gy Matthews;. Wilmington,) Del. 2.26 .45.60% 252 
s. C..W. Leg... 54- 8 | Norman C. Jones, Georgetown, Del............ 252 
Salen .tlees.. 72-5) Novins Poultry’ Farm, Toms River, N. J...:.... 252 
S. CW. Leg.;. 72-19 | Novins Poultry Farm, Toms River, N. J........ 252 
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Taste 10 
Feed Summary 


Aig | A eae ei: 2 ob | bs | 8 ee 
ag|ee| Pr) de | OS | as | <8) a4] gs 
UW) ~ 
No. of m | | | RO tan | | 
Diedswn.. - 220 40 100 i nie 60| 40| 20 20 
Lbs. grain| _ | | | | | 
consumed’ 1-41.00 | 408} 4130.1 aie | 38.54 | 40.0 | 39.22 | 39.71 | 41.66 
Lbs. mash| | | | 
consumed | 40.58 | 43.42 | 34.1 41.9 | 35.54 | 23.94 | 30.02 | 32.2 37.89 
Feed cost | | | 
per bird.| 2.336] 2.362) 2.092| 2/369] 2.112). 1,915) “2.1 53) eS ieee 


No. eggs | | | | 

per bird.|133.7 |130.3 |124.4 ae pe | 72.30 \1Loh.2 ae 96.9 
Val. eggs| 

per bird.{ 6.151] 5.996] 5.724] 6.548) bal 3.328] 6.035] 5.867] 4.457 


Ret’n abv.| | | 
feed cost.| 3.815] 3.634] 3.632] 4.179] 4. 686 1,413} 3.882! 3.836] 2.019 


Of the $6,000 appropriated by the Legislature for the repair of 
the contests, $3,000 is being used at the Bergen County Egg Laying 
Contest in the repair of fences and buildings. New fences are being 
constructed throughout the plant, new mash hoppers installed, as 
well as new trap nests and roosts. After this work is completed, 
two coats of paint will be given to the entire plant, which will make 
this contest more attractive and efficient from a production and 
health standpoint. 


NEW JERSEY POULTRY EXHIBITIONS 


One of the duties of this department is the administration of the 
Poultry Exhibition Fund, which made available $6,500 last year for 
aiding competition among poultry keepers of the state and for stag- 
ing a suitable exhibition of purebred poultry. This project has been 
running for six years. 


In administering this fund, the aim has been to apportion the 
money for payment on premiums to one show in each county for 
each year. This show is usually run by the local poultry association 
in the county, and when more than one association is asking for the 
money it is awarded to the one having the largest entry list during 
the preceding year. It has always been the plan to award the exhibi- 
tion money to local shows run under the auspices of local poultry 
associations rather than to poultry shows held in connection with a 
fair. However, the poultry show held in connection with the State 
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Fair at Trenton has been allowed to participate in the fund because 
this show represents the state-wide exhibition of fowls in the autumn. 
The regular winter State Show was held at Trenton under the 

auspices of the Mercer County Poultry Association and in con- 
nection with Farmers’ Week at the State Armory, Trenton, N. J., 
January 11 to 15, 1926. Local shows in the following counties par- 
ticipated in the fund this year: 

Trenton Fair Association Poultry Show. 

Flemington Fair Association Poultry Show. 

Atlantic County Fair Association Poultry Show 

Vineland Poultry Association. 

Essex County Poultry Association. 

Sussex County Fair Association Poultry Show. 

Morristown Poultry and Pet Stock Association, 

Middlesex County Poultry Association. 

Gloucester County Poultry Association. 

Mercer County Poultry Association. 

Hackettstown Poultry Association. 

Riverside Poultry Association. 

Except for a small amount used for administration and exhibit 

material, all the funds were devoted to premium money for which 


the fund was originally provided. 


RESEARCH PROGRAM 
The Experimental Poultry Plant 


During the past year considerable work in remodeling the poul- 
try plant at the Station has been carried on so as to make this plant 
more efficient from a research standpoint. The brooder house has 
been remodeled so as to carry on necessary studies relative to brood- 
ing chicks in confinement for the control of worms and coccidiosis. 
A 10-foot concrete slab has been laid the whole length in front of 
the brooder house, which makes it possible to control the runs. For 
the study of that phase of young stock infection, half the brooder 
house has been screened in to control insects and flies. Most of the 
colony houses out on the range have been repaired, and necessary 
alterations have been made to make them more practical for the 
important studies carried on at this station. 

At the Vineland Training School, where the pathologist, Dr. 
Black, of this station, has his office to carry on poultry disease re- 
search in South Jersey, there has been constructed an animal house 
at a cost of approximately $500, which will make possible the study 
of intermediate hosts for tapeworms. 
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Nutrition Experiments 
Forest H. CLICKNER 


A Study of the Value of Protozyme, a Fungus Enzyme, in the Feeding 
of Poultry—Project C 1-24 : 

Five pens of chicks, about 200 to a pen, were started on March 
1, 1925, in an experiment to determine the effect of feeding this 
enzyme on growth. One pen received protozyme at the rate of 5 
per cent of its mash, by weight, another 3 per cent, a third 2 per 
cent, a fourth 1 per cent, and the fifth pen received no pro- 
tozyme. ‘The results of this experiment were reported in the an- 
nual report for 1925.1 


On August 1, 1925, the pullets that were reared from the above 
lot of chicks were housed in 10 pens of 50 each. They were housed 
at this time ‘because a number of them started to lay, and as it was 
desired to have a check on how these birds would do during their 
pullet year as layers, it was necessary that all conditions be alike 
and that they be under closer observation. It is interesting to note 
that the birds in the check pen were the first to lay, even though 
they were not so heavy as those getting the protozyme. They were 
followed, however, within three or four days by those getting pro- 
tozyme. 

To determine whether enzymes are needed merely to grow stock 
and not for egg production after the birds have been grown on it, 
or whether it is also needed after the birds have been grown on it, 
the birds were divided so that some grown on protozyme are getting 
it as layers and some are not. The pens were, therefore, divided 
as follows: 


Pen 1. Grown on 5% protozyme. Getting 5% protozyme as layers 
Pen 2. Grown on 3% protozyme. Getting 3% protozyme as lyaers 
Pen 3. Grown on 2% protozyme. Getting 2% protozyme as layers 
Pen 4. Grown on 1% protozyme. Getting 1% protozyme as layers 
Pen 5. Check no protozyme. Getting no protozyme as layers 
Pen 6. Grown on 5% protozyme. Getting no protozyme as layers 
Pen 7. Grown on 3% protozyme. Getting no protozyme as layers 
Pen 8. Grown on 2% protozyme. Getting no protozyme as layers 
Pen 9. Grown on 1% protozyme. Getting no protozyme as layers 
Pen 10. Check no protozyme. - Getting 2% protozyme as layers 


The birds were fed the following New Jersey Rations: 
Scratch, equal parts of cracked corn and whole wheat; equal parts of 
wheat bran, wheat middlings, ground oats (fine), corn meal, meat scrap (50%). 


1Report of the Department of Poultry Husbandry, N. J. Agr. Exp. Sta. 
Ann. Rpt., 1925. 
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Tables 1 to 10 give the results for 11 months of the first laying 
year. The cost figures are based on the following prices: scratch 
$2.50 per 100 pounds, mash $2.98 per 100 pounds, protozyme $25.00 
per 100 pounds. The value of the eggs was based on the current 
monthly top New York prices. 

The health in all pens excepting pen 10 was normal. This pen 
received a severe setback in that it was being continually attacked 
by bronchitis, which left the pen with a final bird population of but 


27 birds. 


The figures from this pen are, therefore, of little conse- 


quence. 
TABLE 1 
Pen 1—5 Per Cent 
| | Average 
Month | Eggs Value | Grain | Mash | Weight 
| pounds | pounds pounds 
SCC 0A megs ap a | 278 $12 .454 178 67.85 3.474 
September ....... o7D 30.992 178 98.70 3.768 
PECIOUET NY cia) c4..e 459 29 .284 186 TOOPS0E 4a e095 
November ....... | 198 19.592 | 180 | 84.90 | 3.665 
mecember .,.. 0. +; | 199 10.1092 jee eet Jeet hee ADE 
MBTIAT VY be es ges 3559 ht 15).601 176 tote per weld Ce al OL: 
BUCOEUAL Vs ~ ok 5 oases 397 14.5302 191 124.30 | 4.340 
Ur ie 894 28.2504 217 125.00 | 4.400 
ona eae 978 30.9048 180 157.50 4.340 
i) ee | 1073 34.8725 | > 155 | 168.00 | 4.260 
ae ae 943 31.4019 150 147.00 | 4.080 
eee tee aes 
Metals 50.8. 6349 | $258.082 1977 | VagiesWed 
Feed cost—Grain, $49.425; mash, $52.03. 
Profit—$156.62. 
TABLE 2 
Pen 6—5 Per Cent Check 
| | | | Average 
Month MEEgeysits| Value fuGrain:. | Mash | Weight 
| | pounds | pounds | pounds 
August .......... ieeecpeari tag et 175°" |- SSheSS) | 3-200 
memieiniper \.....!... 429 PRINCES ED MOT oa 86.35 3.695 
Bicthber = ........ 365 RAY) 1867 oN 86.90 2,612 
November ....... 140 8.456 164 A745 be O00 
iecember «4. .«> - 166 8.4238 186 Fister eS edb 
January ......... 222 OB iawn eet Zon lee 26.40 te e044 2032 
February ........ 422 11.7852 191 | 88.50 | 4.120 
igs a ee 716 22.6256 ZA 210 4.130 
PI te sss kn le #822 eon O/pemy PRL SOY a? feel48300 3.950 
sms ss, | 868 | faye elo 2 have he OU | 3.930 
LEO Se a 830 27.6390 | 148 | 140.00 3.913 
OA eee 5306 ree O58 41958 1/2 1059.50 | 


Feed cost—Grain, $48.95; mash, $31.57. 
Profit—$123.43. 
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‘TAREE 
Pen 2—3 Per Cent 
| | Average 
Month Eggs | Value ‘Grain “| Mash Weight _ 
| pounds | pounds pounds 
PAUSES EEN. Sw mek 305 $13 .604 169 77.70 Seiv2 
September ....... 499 26.8961 177 83.50 32455. * 
OGtObEET cs ERS 4 619 39 .4922 186 114.25 3.440 
November ....... 305 18.4220 180 108.15 3.493 
December ........ 208 10.5664 186 96.20 3.681 
fanuary ep acres. 442 19.5364 eit GAG 101.65 32912 
February <..c5.-. 489 17.8974 189 120.55 4.021 
NESPCIS fi AE See 911 28.7876 pale 123.95 4.100 
ATIVAN uihcwascancneee 924 | 29.1884 | 180 | 154.50 4.000 
Nac: ose See 1028 | 33.4100 | 155 164.80 4.000 
Jiesc sk aoe ene 906 30.1698 | 150 144.20 Duk 
otais Syste 6638 | $271 .036 | 1965 1299.45 | 
Feed cost—Grain, $49.125; mash, $47.30. 
Profit—$174.60. 
TABLE 4 
Pen 7—3 Per Cent Check 
| | Average 
Month Eggs Value | Grain Mash | Weight _ 
| | pounds | pounds pounds 
Acetist i.) onus 329 $14 .7392 163 102205 3.134 
Septemper saycees 495 26 .6805 161 74.05 3.149 
Getoben eos ok es 304 19.3952 181 67 .60 3.190 
November ior vcs: 4 4.5400 160 67.50 3.102 
December *.5..6.Us 164 863512 186 79.80 3.611 
January Oe. gaa: a 530 24.5752 | 176 | 93.40 3.887 
Beptttatse ian ake 600 21.9600 181 101.30 3.984 
MOPCITNR. decree 791 24.9956 217 121.50 3.970 
A pital eae es 947 29 .9252 180 125.00 3.490 
May ate arenes Le) B66 | 28:1450° | :155-=2|> 9110, 008 eee Se 
Titian eens fen eee | 683 227439 |. 145° | 120° 00 ee 
eae ere tt 
Totals.) 22. hoae 5810 Betas $226.02 | 1915}. 1042.50 
Feed cost—Grain, $47.875; mash, $31.06. 


Profit—$147.07. 


BMEATISTS <2 2/0 tas ees 
September ....... 
Mretoper® haces. bs" 
November ....... 
PEceMMEr «2.200%. 
ey See 2 
mepiiary i... ess 


Feed cost—Grain, $48.865; mash, $38.587. 


Profit—$131.27. 


6S 
September ....... 
Brareper oe. ss 
ivovember ....... 
December ........ 
Maar y 2... ke se 
Meptuary .....5.; 


Feed cost—Grain, $47.75; mash, $28.265. 


Profit—$119.01. 
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Eggs 


263 
362 
470 
224 
181 
343 
333 
719 
934 
959 
710 


5508 


Pen 8—2 Per Cent Check 


Eggs 


EeABLEY 5 


Value 


19.5118 
29 .9860 
13.5296 

9.1948 
15.1606 
12.1878 
22.7204 
29.5144 
SIe1675 
23.9760 


| 
| $11.7824 


$218.73 


TABLE 6 


Value 


$12.9024 
25.9259 
17.7364 
3.6844 
4.5720 
16.2214 
16.5798 
23.9844 
26.6704 
25.6100 
21.1455 


| $195 .032 


Pen 3—2 Per Cent 


383 


| Average 
Grain | Mash | Weight 
pounds | pounds | pounds 
164 | 64.2 bee 3029 
177 67.8 | 3.409 
186 105.1 DOES ieee fo! 
180 84.7 | 3.462 
186 83.9 3.643 
176 94.7 | 3.842 
188.6 70% | 4.020 
217 12320 | 4.060 
180 153.0 peers O50 
150m wie loeb Heed 2 5U 
145 | 142.8 | 3.597 
1954.6 | 1128.3 | 
| | Average 
Grain | Mash | Weight 
pounds pounds | pounds 
167 70.6 ie eo 
172 7122 | 3.442 
178 64.8 bee 22997. 
150 55.9 | ene O57, 
186 67.4 | 3.476 
176 79.2 ee tests 
191 81.9 Hee Soc O/ A 
215 105.5 329600 
175 126.2 (Rents 
155 109.8 | 3.400 
TS eve 110-0 a besten 
1910 | 948.5 
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T ABE / 
Pen 4—1 Per Cent 


| | |. Average 
Month |) SBeesits Value | Grain. |,; Mash -9eeWetent 
| | | pounds | pounds pounds 
Aubesty .s 2085; eee ZV $0 4528 ae ey PAL 56.70 2.878 
september: | 4,745 389 20.967 nls WE 90.40 re oP 
(Oh Fe) 103 meet aera a te O40 2 oh I SaaS Re Digak'6 | 104.20 | 3.482 
November. ic4en coos 17,9388") 10 S180 69.60 3.434 
December ........ 181 9.1948 186 71.80 3.479 
Jantary. co oaks 208 | 9.1936 176 75.10 | 3.651 
Penraaty 0. avec 325 11 8050R ie 8 oo 76.85 3.719 
Marong 6 sony eee 762 | 24.0792 217 120.95 | 3.800 
Apes. s. to somes 882 27.8912 180 122.50 3.750 
Manca vn ce eae 908 29 S100o% se 155 131.30 [S690 
JUNE. ie. are eowee 850 28 .3050 | 150 141.40 3.584 
Totals "py | 5553 $222 .859 | 1967.55| 1040.8 
Feed cost—Grain, $49.188; mash, $33.305. 
Profit—$140.36. 
TABLE 8 
Pen 9—1 Per Cent Check 
| | | | Average 
Month i Eps Value | Grain | Mash Sia Weight 
| | pounds | pounds | pounds 
August: uae sed 231” Shy SIO SARS oe 165 | 8.0 | eaeGe 
September ....... | 308 16.6012 166 49.6 3.242 
Ocinherve. 6.25% Bane: fs 22.5214 | 185 84.9 oA7Z 
Nowenihens, .2udi4 231 13.0524) 164 73.4 es 
December ........ 157 7.9756 186 66.9 Ssodd 
ere er GM DRS 384 16.9728 176 79.9 Se/0e 
Hebruary \.oc'/aath 3 427 15.6282 191 92.2 3.919 
Marola a. reeh Got earees 24.4268 215 122.0 3.940 
PRET se ah ek. ete ie Jae 24.7112 175 135.0 3.500 
WANS Seis sic Ge 8 bin 703 24.7975 155.) 97.5 3.450 
JONES 2. a sees | 607 | 20.2131 130 110.0 3.618 
‘PGtals >: soem, A 5116 $198.149 | 1908 | 969.4 | 


Feed cost—Grain, $47.70; mash, $28.888. 
Profit—$121.56. 


EXPERIMENT STATION REPORT 385 


TABLE 9 
Pen 5—Check 
| | | | Average 
Month Eggs Value « | (Grain -} >) Mash: «(> Weight” 
| | pounds | pounds pounds 
BOTS T Oc ctyid. cake 185 | $8.2880 | 165 | 59 .90 Zaten 
meptember ......... 276 14.3700 ian 175 OL as Fa 363 
BPE ODEL = ct yak laa, «.< 344 ZLi9472e0") » 185 86.20 | 3.349 
November ....... 211 12.7444 | 164 Just Dee 3.290 
December ........ [epee Zien \ 14 25300 de)? Looe | 5a epee | 23.542 
Bematy con. .  3 2 cs itt Ena ee, pais Wie aP4 57: teas ema ede Rec ae Societe ors 4 
Betrciaiy. ok aks. 412 15.0792 | 187.05] OFLU) 433.787, 
Cs ee eae 746 2501 gee ae cafe cn 100245 3.787 
ets ea. St 883 | 27.9028 | 180 138.40 3.650 
UE ae ee 887 28827 ae toe 155 120.00 3.500 
Mien ts ds. ks ee 85h eho §28..3385 | 150 | 140.00 | 3.547 
tals. 4 fcc ees | 5479 | 313.737" $213.737 | 1941.05} 1053.9 | 
Feed cost—Grain, $48.526; mash, $31.406. 
Profit—$133.80. 
Taseeelore 
Pen 10—2 Per Cent 
| | | fae. S| Average 
Month DM DEES 8 Value” | Gram’ |. Mash Weight 
| | pounds | pounds | pounds 
eneege os 151 | $6.7648 | 153 | | 2.269 
September ........ 208 [2 shiz 7a | 61.4 |; 332156 
2 300 | 19.1400 | 185 89.1 | was 277 
November ....... 123 | 7.4290 163.5 Dial 3.159 
December ........ 175 8.8900 | 186 60.8 3.400 
ee 257 11.3594) {4 176 66.6 3.740 
MemrGary <........ Pee 319 11675450 2187 77.9 31475 
Measeens). .. d.. 634 20.0344 | 210 105.6 Wy set 
Sr 761 24.0476 | 170 118.9 | 3.600 
os pa 650 ZL 250 er eee SOY Spe 112.1 | 413%600 
Meee. kee ws 482 | 16.0506 | pad ae 86.3 ne ey A f. 
—. | —___ | —— | 
TAS ees. | 4038 | $158 .628 | 1874.5 | 896.1 | 


The Effect of Using Electric Lights on Laying Birds—Project C 2-25 


Two pens of S. C. White Leghorn pullets, 100 to a pen, were 
heused on September 15, 1925, and lights were turned on one pen 
of pullets November 1, 1925. The system of lights used is known 
as the “morning lights,” i.e., lights were turned on in the early 
morning and allowed to burn until daylight. The actual time of 
turning on the lights was as follows: November 1 to 15, 5 a. m.; 
November 15 to March 15, 4 a. m.; March 15, gradually decreasing 
to daylight until time of turning off lights entirely, April 1. 
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The condition of the moult was observed and it was found that 
there was a slight neck moult in both pens, but a greater number 
went into a complete moult in the unlighted pen. Tables 11 and 12 
give the comparative results on a profit and cost basis, not including 
the additional cost of lighting and labor. 


Tasie 11 
Pen With No Lights 


’ | | Average 
Month Eggs | Value, . | Grain 7% obiase Weight 
| | | pounds | pounds | pounds 
November’ .. . ii. | 476 | $28.7980 392. | 144 3.405 
December ........ |. 699 35.5092 372 | 197.7 3.980 
January, .cocesws , OGp ots fad (a Oe PY 177.55 3.878 
February. i... ate | 878 32.1348 392 - oe dRieZ | 3.943 
Marci: trace leek 41.6172 403. +)» 200 | 3.862 
Aprile: sci ciees | 1360 42.9760 360 240 | 3.85 
‘otalses, cea ae, 5595 $219.1817 | 2291 11354555 
Fed cost—Grain, $57.28; mash, $33.84. 
Profit—$128.06. 
TasiE 12 
Pen With Lights 
| | | Average 
Month | Eges Value. {| Grain »| >. Mash e Were 
' | pounds | pounds | pounds 
November ........ 703 $42.5315 | -448 | 144.00 3.425 
December ........ 1133 57.5564 | 434 222.90 3.460 
JaMGary, 62 es xa 1289 56.8449 | 434 186.10 3.693 
Februaty ...:.2..% 1104 40.4064 | 448 184.95 | 3.614 
Tl aa tee che 1401 44.2716 | 434 200.50 3.591 
Aggie, C0 beatae 1362 43.0392 | 360 225 .00 3.610 
| e592 _| S288.6500 | 2588 | 
Petals 1si..d | 6992 $284.6500 | 2558 1163.45 


Feed cost—Grain, $63.95; mash, $34.67. 
Profit—$186.03. 


A Comparison of Two Dry Mash Mixtures for Laying Hens— 
‘Project C 3-25 


Two pens of S. C. White Leghorn pullets, 50 pullets to a pen, 


were housed on November 1, 1925, and fed the following mashes: 


One pen was fed the regular New Jersey dry mash, which consists of equal 
parts, by weight, of wheat bran, wheat middlings, corn meal, ground oats and 
meat scrap (50% )—a nutritive ratio of 1-3.5. The other pen was fed a dry mash 
consisting of one part, by weight, of wheat bran, two parts corn meal, one 
part wheat middlings and one part meat scrap (50%), eliminating ground oats 
entirely—a nutritive ratio of 1-3.9. 


Both pens were fed the same grain ration, which consists of equal 
parts of cracked corn and whole wheat. 
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The health in both pens was normal and no apparent moulting 
in either was observed. Tables 13 and 14 give comparative results 
on a profit and cost basis. 


TABLE 13 
Pen Fed With Mash Having Nutritive Ratio 1:3.5 
| | | | Average 
Month | Eggs | Value | Grain | Mash | Weight 
| | | pounds | pounds | pounds 
November ........ boo $9.2718 | 210 | 82.00 
Precetmiber vas... + 214 10 .8782=" | 3186 >, 0). 10-00 3.943 
“1S 9 ee 301 13.2741 185 105.10 4.080 
Prepruary Pee. | 209 | 10.9434 201 95:25. .| °° 45334 
0 le ATS: APSE CALEY!) amd Ay 105.85 | 4.400 
nih ae PEST Peel: 7002 ha Mt7s° 1 T9160 8)? 42408 
ee 687 22.3275 155 99.80 | 4,350 
_ SHS ey Se Pe 2519 17.2827 150 125 3.945 
age’ ipenare ey | beeen ee | 
eals | 3516 | $126.4095 | 1470 | 842.60 | 
Feed cost—Grain, $36.98; mash, $23.26. 
Profit—$66.17. 
TABLE 14 
Pen Fed With Mash Having Nutritive Ratio 1-3.9 
| | | Average | 
Month | Eggs Value - |, .Grain Mash Weight _ 
| | pounds | pounds | pounds 
November ........ 94 $5 .6870 210 78.75 
December ........ 157 7.9756 186 40739 3.698 
TaMmmary ...). 2. ee. 302 15.5673 176 Vite s 4.013 
BPUENARY: | {oe ces 421 15.4086 201 £0279 4.292 
‘tt a 614 19.4024 Aloe he Lely LO) | ca S00 
Uh ee 717 22.6372 175 146.20 | 4.300 
as aes 779 faadvey Wis, iipeks) PUT cu gy endo 
ENS. S563» SOL eet el Sela ies 4150 90.00 | 3.848 
pe eee Gy) ee | 
PeEAIS: ces. ss 3695 $130 .6969 1468 Vie Whee, Ve 


Feed cost—Grain, $36.73; mash, $23.59. 
Profit—$70.38. 


A Comparison of Three Sources of Animal Protein—Project C 4-25 


Three pens of Barred Plymouth Rocks, 33 pullets to a pen, were 
housed on December 15, 1925, and fed the same grain ration i.e., 
equal parts of cracked corn and whole wheat. 


The following mash mixtures were used: 


The first pen: 


100 pounds 
100 pounds 
100 pounds 
100 pounds 
60 pounds 


of wheat bran. 

of wheat middlings. 
of ground oats. 

of corn meal. 


of Meato (75% protein). 
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The second pen: 

100 pounds of wheat bran. 

100 pounds of wheat middlings. 

100 pounds of ground oats. 

100 pounds of corn meal. 

100 pounds of meat scrap (50% protein).. 

The third pen: 

100 pounds of wheat bran. 

100 pounds of wheat middlings, 

100 pounds of ground oats. 

100 pounds of corn meal. 

200 pounds of bone meal (25% protein). 

The health in the third pen was below normal because the birds 
did not consume a sufficient quantity of the dry mash, and as the 
amount of scratch ration was regulated, the body condition of the 
birds became thin. 

Tables 15 to 17 give the comparative results obtained on a profit 


and cost basis. 


Taste 15 
First Pen 
| | | Average 
Month | Eggs | Value | Grain Mash | Weight 
| | | pounds | pounds | pounds 
December ...;...- bc TSB2" PS e S506 ior eat o | 42.8 5.468 
January. fas. coche 257 113337 2-4 > se 85.7 5.985 
Pebrudin. Fon wane 299 10.9434" |. 176.» 1045 6.138 
Maree anss anne ce | 420) S43 27204 ah ome 98.4 6.200 
PLATT cea diego s eee 443 | 13.9988 | 175 | 80.8 | 6.250 
Fons 1c. sees 1607 $50.0983 |} 808° {41222 ee 
Feed cost—Grain, $20.08; mash, $13.77. 
Profit—$25.25. 
TasLE 16 
Second Pen 
| | | Average 
Month | Eggs Value | Grain | Mash | Weight 
| | | pounds | pounds | pounds 
December ........ Foree Fi, | $9.0932 | 120.0 | 39.2 5.661 
January... cee } 295 13,0095. | A536 84.1 5.986 
Pebriiary <2. 192 7.0272 176.0 | 89.0 6.125 
March Segoe 445 14.0620 176.0 96.6 6.150 
Aprile ce eee 405 | 12.7980 en Who et, | 71.8 6.150 
Totalsiee ee | 1516 | $56.1899 800.6 380.7 | 


Feed cost—Grain, $20.02; mash, $11.34. 
Profit—$24.83. 
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TABLE 17 
Third Pen 
| | | Average 
Month | Eggs Value | Grain Mash | Weight 
| | | pounds | pounds | pounds 
MIECEMIDET- 5. sss Meokyy $7 .9756 120.0 | 34.8 Fa ee 
Tenmry | 196 8.6436 | 148.4] 67.7. | 6.075 
PeDIAEYy ad, 6 vans | 194 7.1004 176.0 | BSep 6.020 
OG ae oe | 212 | 6.6992 | 176.0 4 B73 6.020 
Peik........ | 286 | 9.0662) Jl 175-0se Gee) ke 65000 
as 6 16s ae ie peor 
ie eee | 1045 | $39.4850 | 795.4 | 285.5 | 


Feed cost—Grain, $19.89; mash, $7.79. 
Profit—$11.81. 


POULTRY PATHOLOGY 
F. R. BEAUDETTE AND J. J. BLACK 


The scope of the work done by the poultry pathology laboratory 
has increased over the previous year. This is particularly true of 
the South Jersey Laboratory located at Vineland. A larger number 
of birds have been examined for diagnostic purposes and the in- 
crease in the number of tests for “carriers” of bacillary white diar- 
thea almost doubled last year’s number. The experimental projects 
have likewise progressed very favorably. The work of the two lab- 
vratories will be described separately. 


New Brunswick 
Diagnostic 

Laboratory Cases—This classification is made of specimens sent 
im or brought to the laboratory from this or surrounding states. 
Such specimens are carefully autopsied and every effort is made to 
diagnose the disease. In this classification 1,123 birds which origi- 
uated from 407 different farms were examined. In this number 
wt specimens a total of 1,466 diseases were found. The distribu- 
tion of these diseases with regards to age and sex is given in table 
4. Of the 407 cases thus handled, 379 originated in New Jersey 
and 28 were sent in from surrounding states. The distribution by 
counties of those originating in New Jersey and by states of those 
originating from without the state is given in table 2. 

It will be observed that bacillary white diarrhea is the most com- 
mon infectious disease. Fowl cholera and fowl typhoid continue 
to be very common. For the first time B. aertrycke was found to 
be the cause of an infectious disease of young chickens. Three out- 
breaks were located and the loss in them was quite heavy. Such 
diseases as bronchitis and diphtheritic largyngitis seem to be increas- 
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ing in frequency. Of the protozoan diseases, black head is being 
found more frequently in chickens. 


Disease 
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TABLE 1 ; 
Distribution of Diseases in 407 Laboratory Cases (837-1243) 
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TasLE 1—( Continued) 
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A parasitic disease of the proventriculus of fowls caused by a 
nematode was observed several times during the past year. This 
disease has not \been recorded in New Jersey before this year. It 
will be observed that an etiological diagnosis was not possible in 
many cases and these are simply listed according to the most out- 
standing pathological finding. The other diseases require no com- 
ment. 

Diseases of Cage, Ornamental, and Wild Birds—As a number 
of cage, ornamental, and wild birds were received, it was thought 
advisable to make a separate classification of them. The distribu- 
tion of diseases in this class is shown in table 3. From an examina- 
tion of this table it will be observed that B. aertrycke infection is 
the most common disease. A total of 86 specimens were examined. 


TABLE 3 
Distribution of Disease in Cage, Ornamental and Wild Birds 
Cases 1-25 
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Number of birds examined, 86. 


Cases by Letter.—This classification constitutes such cases as are 
handled by correspondence. ‘The method is not at all satisfactory in 
most cases and persons inquiring for information regarding poultry 
diseases are given temporary recommendations with instructions to 
send specimens to the laboratory for examination so that the exact 
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nature of the disease may be determined. The number handled in 
this way was 387. Of these, 239 originated in New Jersey, 143 
from other states, and 5 from foreign countries. The distribution 
of these cases is shown in table 4. 

Cases from College Farm.—This classification constitutes the 
examination of specimens coming from the College Farm. The dis- 
tribution of diseases in these specimens is shown in table 5. 


TABLE 4 
Distribution of 387 Cases Handled by Letter (883-1269) 
By counties in New Jersey: Foreign: 
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TABLE 5 


Distribution of Diseases in 33 College Farm Cases (221-253) 


Disease 


Total 
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The classification “Educational” constitutes trips made to poultry 
and veterinary associations for the purpose of giving talks on poultry 


diseases. The following trips were made: 
Pou.ttry ASSOCIATIONS 


New Jersey: Other States: 
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VETERINARY ASSOCIATIONS 
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Experimental 
Four experimental projecst are being carried on as follows: 


The Diagnosis of Poultry Diseases Occurring in New Jersey— 
B-1-23. 

The project is continuous in that the material is taken from speci- 
mens presented for diagnosis. The project records the various 
diseases that are found in this state. Occasionally new diseases are 
found and these are thoroughly investigated. At the present time 
an investigation is being made of an infection caused by B. aertrycke. 
This infection was previously found in many cage birds and in 
pigeons but was not determined in chickens until this year. ‘Three 
outbreaks have been found and the organisms isolated from them 
are being subjected to careful study in comparison with strains from 
other hosts. A nematode infesting the proventriculus was encountered 
on several occasions and probably some work will be done in order 
to determine the intermediate host. A similar parasite affecting 
aquatic birds is known and its intermediate host (Daphnia) could 
not have been present under the conditions maintained on poultry 
plants where this parasite was found in chickens, hence it is thought 
that perhaps the parasite has another intermediate host. A form 
of paralysis is being met with, which appears to be a specific disease 
not associated with parasite infestations and an attempt is now 
being made to transmit this disease. Thus far the results have been 
negative. The occurrence of fowl typhoid in baby chicks was fre- 
quently encountered during the past year. A study has been made 
to determine whether this disease is transmitted through the egg. 
At the present time a flock of fowls is under observation. 

A Study of Ascaridia perspicillum—B-2-23. 

A study was made of the resistance of the eggs of A. perspicillum 
to the common disinfectants. Embryonated eggs were placed in soil 
and treated with some of the common disinfectants; later worm-free 
birds were placed on the soil and after varying intervals the speci- 
mens were killed and examined for the presence of Ascarids. In 
this experiment, which is completed, it was found that a 1-1000 solu- 
tion of bichloride of mercury, a 5 per cent solution of formaldehyde, 
and a 5 per cent solution of hydrochloric acid did not affect the eggs 
of A. perspicillum, for the experimental birds placed on infected soil 
treated with these agents became infested as did the birds which were 
on untreated infected soil. However, it was found that birds placed 
on infected soil treated with a 5 per cent solution of phenol re- 
mained free of nematodes. 


Experiments are also under way to devise methods of rearing 
fowls in confinement for the control of intestinal parasites. The 
chicks are never allowed on the ground, but do have the run of a 
concrete slab extending out 10 feet from the house. One lot of 
chicks reared in this manner is enclosed by screen runs and in 
screened houses to exclude all possible carriers of tapeworms. 


- 
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Finally, a control lot is being reared on the ground under usual con- 
ditions. The three lots, when matured, will be placed in as many 
laying houses and each lot will be divided equally. Half of each 
lot will be supplied with warm quarters during the colder months of 
the year. The aim of the experiment is to determine the influence 
of worm infestations and chilling on mortality and diseases as well 
as on egg production, etc. The lot of birds reared in confinement 
and under screens should be free of both round and tapeworms, 
as well as of coccidiosis and of blackhead whereas those reared only 
on concrete without screening may be infested with tapeworms, and 
those reared on the ground may have any one of or all the parasites. 


The Relation of Soil Reaction to the Infectious Poultry Disease 
Organisms—B-4-23. 

At present a study is being made of the effect of acid soils on the 
viability of Bact. sanguinarium. It has been found that Bact. san- 
guinarium will not live a week in a soil as acid as pH 6.2 or lower, 
while the organism in soil of pH 7.0 is still viable after sixteen weeks. 
A Study of Avian Paratyphoid Organisms—B-5-25. 

This project was instituted for the purpose of determining the 
distribution of paratyphoid infection in birds, with the idea that 
perhaps it might ultimately be found in the domestic fowl. Prior 
to the past year the infection has been found in canary birds and 
pigeons and this stimulated a further interest. The infection has 
since been determined in the goldfinch, bullfinch, strawberry finch, 
mule canary, European siskin, white canary, and parrot. The strains 
isolated from the various hosts have been undergoing a careful study. 
Finally, as was expected, the infection was found in young domestic 
fowls and these strains are being studied in comparison with those 
isolated from cage birds. 

Control Work 

Bacillary White Diarrhea Testing.—In 21,241 birds tested at 

New Brunswick, the distribution of infection is as follows: 
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Contagious Abortion in Cattle—The college dairy herd was tested 
twice for ‘‘carriers” of contagious abortion. On January 7, 1926, 
104 animals were tested and on March 8, 1926, 102 were tested. 


There were 18 requests made for cultures of poultry pathogens 
by other laboratories and to these were sent a total of 87 strains. 


Vineland Laboratory 
Laboratory 
TABLE 1 
Distribution of Diseases in 353 Laboratory Cases (176-528) 
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Vineland Egg Laying Contest 
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Distribution of Diseases in 105 Cases (93-197) —Birds fam V ine- 
land Egg Laying Contest 
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Ext. hemorrhage 
Int. hemorrhage 
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Peritonitis 
Pericarditis 
Catarrhal enteritis 
Ascities 
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Ruptured oviduct 
Impaction proventriculus © 
Heat stroke 
Accidental 
Undiagnosed 
Strangulated intest. 
Impaction of intest. 
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DN iret ete TLS CC AITIINIEC sare gai’ + « w < o's yale ptarte oueemnieia ef gua tse ie 
emer ecd ew lars # iStASES, re ot. Sk ie ates meee ean eras me Brees 45 
PRT CUSWitil 3 (CISEHSES.! (70S 0) 0. 3 oo cee tn data e wipss * 6 140 
Reported. witin-4 diseases? 40 2.02. 205. eS eee ees sone 120 
Pee eee itll OE CISCASES a1 4 wa oo ss 54s wo dis Seems © cs 6s 56 
Merman iti 0 GISESES iow <2 s).'0 ess PO) sche eee ees Bae 10 
es ee Sas Nolo thn se 0.0 5 5 4,6 tb lie et ies oo 643 
Poultry Farms Visited Meetings Attended ; 
Cumberland GOUnty : .- ys. son ss om 03) Cumberlands Offityi sete 7 
VISA TCRe tere eres hes ORE ef oes SEPAATIANI TIC eee cette ee 3 
PE TUENS {hs 5 pat a eg S eGape- Mayas. fae) set oe on erent 1 
106 11 
Cases handled by letter.......... 4 
Cases handled by telephone...... 3 


Experimental Work 
Kamala Experiment 


This work was done to determine the toxic properties of Kamala 
and the possibilities of its use in commercial flocks. A number of 
birds were culled and divided into small flocks and treated with 
Kamala by different methods. In three instances commercial flocks 
in which tapeworms were known to be present were treated with 
l-gm. doses of kamala. The results are as follows: 


Culled birds— 
Treated with uncoated capsule......... [SF Mortality 54 
Treated with coated capsule........... 98 Mortality 4 
Commercial flock— 
Treated with uncoated capsule......... 80 Mortality 21 
Treated with coated capsule...i...0... 256 Mortality 21 


Kamala was found to be a severe treatment and when given after 
fasting or without fasting, in plain gelatin capsules, a high mortality 
resulted. When the capsules were coated with any material that 
prevented the liberation of the drug in the crop and the treatment 
followed with salts, only those birds died that were affected with 
other conditions as tumors, ovarian abnormalities, visceral gout, 
etc. In all cases where laying birds were treated, egg production 
stopped for two weeks. ‘The culled birds treated were in very poor 
condition and probably would have died in a short time. The major- 
ity of the birds recovered and were returned to the laying flock or 
sent to market. 


To determine intermediate hosts of tapeworms, 100 chicks are 
being brooded in confinement under screens. These chicks are to be 
used in studying possible intermediate hosts of tapeworms. Many 
kinds of suspected hosts, which will be fed to worm-free chicks, will 
be obtained from plants known to be infested with tapeworms. Later 
the chicks will be killed and examined for the presence of worms. 
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Bacillary White Diarrhea Control Experiment 
Bacillary White Diarrhea Testing, 1925-26— 


Gertified birds tested ice: cence Ce soba eee 19,707 
Non-certified birds tested........... Wh cick mrkshihioc des ae 11,732 
31,439 


In the year 1924-25, a flock of 59 birds was tested for carriers 
of bacillary white diarrhea and the following year 9 of the remain- 
ing birds and 29 of the offspring reacted. A second retest was 
made in the second year, 11 weeks following the first test of that 
year. The results are as follows: 


1924-25 Test 


Tested Reactors 
Females gcc cc. c pate ee ee ee 55 10 
Males -.s8 J c..53 vee ee ee 4 0 
1925-26 Test 
Retested hens! 22.0 Seber 15 8 
Retested 8eockse 2 bere aa coe ee 3 1 
Pullets. ic ee eee 40 28 
Cackerels oh 22808, Sine ae eee 3 1 
1925-26 Retest, 11 Weeks Later 
Retested: Hhens> >... wt a eee 9 4 
Pallets®— 24.20, Sheen ea eee 13 1 
Males i. 32080 th aa eee 3 0 


Total Number and Classification of Cases Handled at the New 
Brunswick and Vineland Laboratories 


No. of | No. of bel ls 
Classification of cases Laboratory ; Ne diseases 
cases birds Sati 
Labarataey. §..c2ao saree cae | New Brunswick | 407 1123 | 1466 
Cailese “Harm “| Seraen: ne sine | New Brunswick 33 62 81 
Cage, ornamental and wild| 
birds iGes <i Uiwens.. ocomme New Brunswick 25 86 86 
Leathers ois0 35s. ane erereann New Brunswick 387 | 
Vineland contest... cea. ae.05 | Vineland 105 2725 1 OaG 
Laboratocy act te te sae ees | Vineland Joo 779 1194 
Viipite LUG Ro Saat ha eh eee | Vineland 106 
Letter’ |.i2coh ote 4G ee | Vineland 4. 
Telephone.)ii te tera Vineland 3 
| 


1423 | 2322 | 3470 


Total Number of Blood Tests 
Bacillary'-white-diarrheas va. Goce So eee eee 52,680 
Contagious abortion 2s ....f: eet Hit age oe ee a ee 


ae ae aa wae nh ae ee oe TPL COL erg Tey gn Geter Dar Lm eee See 


Report of the Department of Seed Analysis 
INTRODUCTION 


The seed control laboratory has carried on its two main lines of 
work as in previous years. The character of this work is two-fold. 
There is a free analysis of seeds for farmers, growers, and other 
_ residents of the state, and an inspection and analysis of samples 
of seed as they are sold in the open market. The former type of 
work is classed as unofficial, the latter as official, The unofficial 
analyses continue as in previous years to outnumber the official 
tests and constitute the most popular phase of the work of the seed 
laboratory. The continued demand for the free analytical service 
and the successful and effective operation of the law, prove the worth 
of the laboratory as an agricultural agency in the state. 


ADMINISTRATION 


The New Jersey Seed Law is a liberal, workable statute regulat- 
ing the sale of bulk quantities of seed sold in New Jersey markets. 
Twice yearly all dealers in the state, handling bulk quantities of crop 
or vegetable seeds, are visited. The entire stock of these dealers is 
examined. A portion of the lots is sampled and these samples are 
analyzed and reports of laboratory findings made to the local vendors. 
In such a way the activities of the seed trade within the state are 
watched and checked up. 

A portion of the administrative duties of the department is the 
inspection and ‘sampling of stocks of legume inoculant materials 
handled by local dealers in the state. Culture materials of various 
kinds have been manufactured over a period of years and are offered 
for sale for the purpose of the inoculation of leguminous plants. 
It has been found that very little unguaranteed material is for sale 
at the present time. 


SEED INSPECTION 
Official Samples 


The yearly seed inspection of dealers’ stocks was started about 
March 1, at the time the seeds came in from the shippers. To date, 
1,425 official samples have been collected and analyzed. This number 
does not represent the total amount for the year, as there will be a 
fall inspection of cover crop seeds, when between 200 and 300 
samples will be examined. Every sample tested is reported to the 
dealer. This report states whether the seed is in compliance or in 
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violation of the law and gives the exact ingredients contained therein. 
A clearer understanding of the significance of the seed law and its 
operation is apparent among dealers. Numbers of violations de- 
crease yearly and the amount of unlabelled stock grows continuously 
smaller. Much greater care is exercised by dealers in handling their 
stock, and much more checking up of tests between wholesalers and 
retailers is carried on than in former years. All this cooperation 
means a better product for the farmer. The buying of seed in 
market is not a hazard as it was prior to required labelling because 
not only the variety but the quality of the seed in terms of purity 
and germination is given. It remains only to educate the general 


public to look for these percentage figures and to give them an idea . 


of their meaning, before the intended mechanism of the law will be 
in full operation. A larger number of official samples have been 
collected to date than in any previous year. The total inspection 
will undoubtedly be greater. 


Unofficial Samples 


Unofficial sample tests are of two general kinds, crop seeds and 
vegetable seeds. These samples are sent in by farmers and resi- 
dents of the state. Beyond question this is the most beneficial service 
rendered by the laboratory. These samples are representative of 
all types and kinds of seeds. Some of the seed is old seed carried 
over from previous stock or a previous purchase. Some of the 
seed is new and the farmer or buyer is anxious to know the quality 
before purchase. In order to satisfy the demand and to make this 
feature of the work profitable and valuable to the inquirer, tests 
must be conducted as promptly as possible. This expediency de- 
mands adequate equipment and expert analysts in sufficient numbers 
to handle requests in the shortest possible time. Accordingly, an- 
other full time analyst was added to the staff this year. Many 
times only.a few days intervene between the sending of the sample 
to the laboratory and the planting of the crop in the field. Con- 
sequently if the information is to be valuable to the sender it must 
be given immediately. Many more requests of a technical nature 
have come to the laboratory this year. Testing of lawn mixtures 
has constituted an important part of the work. As New Jersey 
becomes more and more of a suburban state made up of cities and 
towns, the seed laboratory must handle increasing numbers of lawn 
seed samples. The ingredients of these mixtures are often questioned 
and an exact determination of species is necessary. Questions of 
determinations between lawn and pasture mixtures have been asked. 

The importance of the free analytical service cannot be em- 
phasized too greatly as the continued demand for assistance of this 
kind demonstrates its value. 

Table 1 gives the number, kind, and average percentages of un- 
official seed samples analyzed from July 1, 1925 to Tuly 1, 1926. 
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Number of Unofficial Samples Tested—1925-26 


| Number | 
| of samples | Average 
Kind of seed | tested | purity 
| per cent 
Grasses and Cereals | | 
BE LINOU Ores 5 cep ain 5" | 36 | 99.58 
PCS LOO IANCY ae. cs ss | 24 | 88.21 
ied CLODOCUGILY .c1.0. 0s | 3 | 35.06 
Pirchard-ptass ..s.....: | 35 | 87.80 
Kentucky Blue Grass ... | wy) | 75.78 
Canada Blue Grass ..... | 4 | 81.50 
Chewings Fescue ....... | 1 92.08 
Peder CSetie wes pialclge as ns | 8 | 90.05 
Pardahesedeh osu +» + 1 | 90.36 
Miscellaneous Fescue ... 19 | 86.12 
erested=dop’s tail ...... 6 | 98.61 
PVCROUASS Witla. ssh 6 ao o's 11 | 99 .20 
BAU ANeOTASS 9. oss chs sos « 4 97.18 
Ate PYOSS ails 3 2's 1 84.93 
PreiieOTASGeet oo. e es bas 6 | 54.44 
Miscellaneous grasses... 15 80.09 
PerassemMiktures os ve... v'.’. 46 74.03 
CGE a Se ee ee 4 98 .22 
ROPE ECONIN etcietiivics . + fs 46 eae 
Ve eee 6 95.46 
OM A. katte oe ess 7 97257 
BIC AUIORIY S Gvinws.ce esses | 3 eae 
BIA LEM IR. Ae «Sis a ony pie's-212 | Z | 98.08 
Leguminous Forage Crops| | 
On HEROES SS any 74 98 .96 
PSION CIOVELe 432 ch sis iss 33 67.89 
LSS (7 56 98.51 
Crimson clover ........ 14 96.71 
PUMOCCLICIOVEE chides sess: 24 98.28 
Dyiite ClOVEr ........5.% 6 96.99 
Reel: VRE ns. son ss 21 98.65 
PUEMUGANS® 4 fs. pace. sass | 15 97.10 
Canada field peas ...... | 11 89.24 
BRT ISCASY § oS sii 4's os 02 0 os 5 98 .38 
Miscellaneous Forage | 
Crops 
oy SS en a ae 4 97.21 
ICC ee eis pisos d.e.eiss 1 as 
Vegetables 
PIMEMCTIOKCS oes. Ada bo 2 
Oo SE oo i ee 25 
TES RE es aoa a 213 
OD Se ee 133 
Brussel sprouts ........ 6 
OS ea 139 
LOIS Ee a nee ere eee 74 


| 


| 
| 
| 
| 
| 
| 
| 


Average 
germination 


per cent 


89. 
89. 
70. 
if® 
54. 
64. 
ah 
62. 
84. 
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TaBLe 1—(Continued 


| Number | 


| of samples Average | ° Average 
Kind of seed | tested | purity | germination 
eek | per cent | per cent 

SEAUITIIIOO SS 2 aie. cinta St | 10 (te ots | 7209 
elements hed ook | 90 | | 61.67 
RPRICEIA CN a seo s syece'w'e vite | 9 | | 65 .89 
UCGVil Gates Ss Oates | 2 | | 65.00 
CEEOL Yai Ss scan Dees | 1 | | 54.00 
alae Gse aie". ates wee | Z | | 81.00 
SUM TT Pettis. d 5.0 oe aie | 78 | 84.51 
COR Sala + yccec ts was | 2 | | 60.50 
Gres may ses css a ea Wee | 7 | | 31.58 
Cacimber torr. vee ee 78 | 88.61 
UN ee Pies ita gle oi cis Rae | 5 61.50 
Heo platae es. oh ah 54 74.66 
Endivem@icees cee. 5 a 21 | 65 17 
Kale spies ca ee notes | 17 12,98 
Kohl sabres eke nese 11 | 72.23 
Leek Rie scot bon Bice 13 79.73 
LietitiCeti at ce wae 173 | 83.34 
Mangels} 4405 ae 4 *61.50 
| 7127.00 

Muskmeton@c57.20 sarees 78 84.44 
Mustards iv ceeds ss acs 1 92.50 
Okra AGRA oe eee ae 14 71.50 
Onion Et cae cane ae 119 57 .00 
Parsley kas ae 43 50.79 
Parsnige pacer sdk | 15 | 44.77 
Peas: 25c0Rs cA ecceans | 148 | 86.25 
Peppers feos sade ne ae 40) 63.39 
Pumolon jacob eee 53 73.20 
Radishoe bec. ee tenes 107 79.07 
Rutabata wit «scene ee 16 66.75 
SalSil yas £8 sc aes poe: | 8 | 52.00 
SSAHIAE MATE eet ea anit tae ee | 116 51.85 
SOuashOrea coc umst aes | 76 | 77 .46 
Swiss: Ghote «er, oceans | 23 | *76.48 
| $167.57 

Tomatawe.. os 2665 fine 95 miss Si22 
Tarnipeied 2.5 Sih sans 71 | ee 75.44 
Watermelon is), fucns: 63 rcs 74.76 
Miseellanous =) ene 35 50.83 
Dandelions <V3Ny sb aee<s 4 29.75 

Flowers 
Nasturiwam oc) oan ot 15 74.60 
Sweet Peasys ... cakes | 20 64.38 
Miscellaneous .......... | 26 63.38 
tT Otalartigss cae oe 2916 | 


*Bolls. +Sprouts. 


Plant Identification 


Numbers of plant identifications are made yearly by the depart- 
ment. Some of these determinations are made from plant struc- | 
tures, others are made from the seed alone. Occasional crop plant 


: 
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identifications are necessary and crop seed identifications are numer- 
ous. This work, it is believed, is an indispensable adjunct of the 
department. Frequently plants of a noxious nature are identified. 
Many times a farmer knows the harm which these noxious weeds 
do in his fields but he recognizes them from reputation only. This 


TABLE 2 
Identification of Plants 


Common Name 


Horsetail 

Horsetail 

Crab Grass 

Silky Wild Oiat 

Salt Marsh Grass 
Canada Blue Grass 
Quack Grass} 
Ironwood 

Veined Dock 

Knotweed 

Common Pigweed 
Knawel 

Thyme-leaved Sandwort 
Mouse-ear Chickweed 
Mouse-ear Chickweed 
Bladder Campion 

Field Pepper Grass 
Shepherd’s Purse 
Charlock 

Common Yellow Rocket 
Red Haw 

Five Finger 

Honey or Sweet Locust 
Trailing Tick-Trefoil 
Cranesbill 

Spotted Spurge 

Box Elder 

Bladder Ketmia 
Evening Primrose 
Deerberry or Buckberry 
Fool’s Parsley 
Dodder1 
Gill-over-the-ground 
Self-heal or Heal-all 
Self-heal or Heal-all 
Henbit 

Field or Corn Mint 
Sand Bur 

Ground Cherry 
Paulownia 

Paulownia 

Cleavers 

Indian Tobacco 

Small White Snakeroot 


Equisetum arvense 
Equisetum arvense 
Digitaria sanguinalis 
Danthonia sericea 
Phragmites Phragmites 
Poa compressa 
Agropyron repens 
Ostrya virginiana 
Rumex venosus 
Polygonum aviculare 
Amaranthus retroflexus 
Scleranthus annuus 
Arenaria serpyllifolia 
Cerastium arvense 
Cerastium vulgatum 
Silene latifolia 
Lepidium campestre 
Capsella Bursa-pastoris 
Brassica arvensis 
Barbarea vulgaris 
Crataegus sp. 
Potentilla arguta 
Gleditsia triacanthos 
Desmodium glabella 
Geranium maculatum 
Euphorbia maculata 
Acer Negundo 
Hibiscus Trionwm 
Oenothera lacimata 
Vaccinium stamineum 
Aethusa Cynapium 
Cuscuta arvensis 
Nepeta hederacea 
Prunella vulgaris 
Prunella vulgaris 
Lamium amplexicaule 
Mentha arvensis 
Solanum rostratum 
Physalis sp. 
Paulownia tomentosa 
Paulownia tomentosa 
Galium Mollugo 
Lobelia inflata 
Eupatoriuumm aromaticum 


Source 


Basking Ridge, N. J. 
Paterson, N. J. 
Plainfield, N. J. 
New Brunswick, N. J. 
Staten Island, N. Y. 
New Brunswick, N. J. 
Woodbury, N. J. 
New Brunswick, N. J. 
Philadelphia, Pa. 
Newark, N. J. 
Woodbury, N. J. 
Paterson, N. J. 
Silver, N. if 

New York, N.Y. 
Paterson, N. J. 
Morristown, N. J. 
Wappingers Falls, N. Y. 
Paterson, N. J. 

Little Silver, N. J. 
New York, N. Y. 
Millville, N. J. 
Trenton, N. a 
Shrewsbury, N. J. 
Titusville, N. J. 
Mount Holly, INGE Je 


Botanical Name 


/Mount Holly, N. J. 


Mays Landing 
Titusville, N. J. 
Bridgeton, N. J. 
Skillman, N. J. 
Shrewsbury, N. J. 
Bernardsville, N. J. 
Little Silver, N. J 
Pennington, N. J. 
Pennington, N. J. 
Little Silver, N. J 
Shrewsbury, N. J. 
Palisades Park, N. J. 
Mays Landing, N. J. 
Shrewsbury, N. J. 
Staten Island, N. Y. 
Bernardsville, N. J. 
Shrewsbury, N. J. 
New Brunswick, N. J. 


Golden Rod species : . 


1Noxious weeds. 


Solidago sp 


Mount Holly, N. J. 
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phase of the seed laboratory work, while strictly botanical, has a 
practical and economic value, and investigation along these lines is 
encouraged insofar as cooperation and prompt attention to requests 
will develop it. The weed situation becomes more serious yearly 
through the spreading of weeds. Seed analysis has prevented in great 
measure the dissemination of weeds through the agency of seeds. 
There is still the problem of educating the general public to the 
damage weeds actually cause to property. 


The first step in this process is to acquaint people with the 
common and noxious kinds of weeds and their characteristics, so that 
they can distinguish them. The methods of eradication or control 
should then follow. 


A record of all weeds identified at the laboratory has been kept 
over a series of years. This systematic record enables the laboratory 
to trace a weed infestation and to know its occurrence and distri- 
bution. It also gives plants which are most generally troublesome. 
Table 2 gives the common and botanical names of plants identified 
and the sources from which they came. 


Legume Inoculation 


Official samples of legume inoculants are collected twice yearly 
from the local dealers in the state. The results of the tests of these 
samples are reported in connection with the official seed report. 
Samples sent in by farmers or other interested parties are classed 
as unofficial. 


Twenty-one unofficial samples were analyzed during the fiscal 
year. As with the seed samples, they represent all types of material 
of different composition and age. Consequently the results are 
varied both in culture and soil tests. Table 3 gives a summary of 
the results of unofficial tests. 
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Kind of Seed for 
which Inoculant 
is prepared 


Alfalfa, Sweet, Bur, and 

Hubam Clovers 
Red Clover 
Cowpeas 


oe ee eee 


oe ee eee eee ove 


eoeeceev eee ees ee eee 


| 
Winter and Spring eet 


Soybeans 


Garden Peas 
Garden Beans 


oo ee ee ee wee 


Serradella 
Lupines 
Peanuts 


oe eee eer e ee ee oo 


Ce 


eevee er eee eee eevee 


TABLE 3 
Number of Unofficial Inoculant Samples Tested—1925-26 


Number 
Samples 
Tested 


*For the ineculation of 1 acre. 


Average 
Number 
Organisms 
per package* 


78,666,000 
50,000,000 
28,000,000 


216,000,000 
33,000,000 


527,000,000 
73,500,000 


256,000,000 
46,000,000 
52,000,000 
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Growth 
on 
Plants 


Purity 


| Good 
Good 
Poor 
| Very 
Good 
Poor 
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Good 
| Good 
| Very 
Good 
| Good 
Good 
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Report of the Sewage Substation’ 


WILLEM RUDOLFS 


INTRODUCTION 


With the progress made from year to year on fundamental studies 
of the biology of sewage disposal it becomes more and more apparent 
that the information gathered will ultimately lead to decided improve- 
ment of existing systems of sewage disposal and will also pave the 
way for new, thoroughly understood methods. Considerable informa- 
tion has been obtained during the fiscal year on the effect of environ- 
mental conditions upon the speed of sludge digestion and the feasibil- 
ity of controlling these conditions. Particular attention has been paid 
to the influence of reaction of the material and the effect of tempera- 
ture on the rapidity of digestion. As far as the writer is aware, in- 
formation regarding these two factors is extremely meager or totally 
absent. The fact that with a certain adjustment of the medium not 
only is digestion time reduced, but also the type of digestion is influ- 
enced or can totally be changed, is ample evidence that the possbuiilities 
of improving existing systems and of establishing new methods of 
anaerobic digestion are real. These questions have left the realm 
of speculation and we are on the threshold of a new phase of sewage 
disposal, namely, that of scientific control. In connection with scien- 
tific plant control, the writer is pleased to be able to record that in 
addition to the most fruitful cooperation of the superintendent of the 
Plainfield plant the department has begun cooperative experiments 
on separate sludge digestion on a large scale with the City of Balti- 
more at their Back River sewage disposal plant. 

During the year it has become more and more apparent that our 
methods of studying the different groups of bacteria are totally inade- 
quate. To be sure, the data obtained by these methods have given us 
considerable general information regarding the course of digestion 
which fresh solids take under different conditions, but for a real 
insight into the possible types of anaerobic digestion more refined 
methods have to be worked out. There are two possible ways to 
attain this: First, isolation of specific organisms and their study in 
pure cultures under different conditions; second, studying specific 
physiological groups of organisms. The classification of bacteria 
into albumen digesters, H,S producers, nitrate reducers and cellulose 
fermenters has failed to show us what types of bacteria are respon- 
sible for the digestion at different stages. The reasons are obvious, 
since many organisms, when transferred into these media, are capable 


* Joint project of the New Jersey Agricultural Experiment Station and the 
New Jersey State Department of Health, until changed by an act of the Legis- 
lature, approved March 17, 1926 (see p. 410 of this report), into the Depart- 
ment of Biology of Sewage Disposal of the New Jersey Agricultural Experi- 
ment Station. 
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of growing and bringing about changes which they may or may not 
produce in the course of digestion. The picture obtained, therefore, 
from a study of the organisms in their culture media does not neces- 
sarily correspond to the actual interrelationship of the organisms in 
the course of digestion. As an example, the growth and suhsequent 
production of gas in lactose medium have been taken as an index of 
the lactose fermenting group; however, widely different groups are 
able to utilize lactose. Hence, the recording of gas production will 
not show which organisms in this extremely wide group are really 
responsible for the action taking place at different stages during the 
course of digestion. Splitting up this group into aerobic and anaero- 
bic lactose fermenters, spore forming and non-spore forming lactose 
fermenters, and so on, will enable us to make a beginning in visualiz- 
ing the types of bacteria responsible for the digestion and to succeed 
in correlating these with the biochemical changes taking place. A 
study of specific organisms in pure cultures might give some informa- 
tion regarding their activities under certain conditions, but since we 
are always dealing with large numbers of different organisms, it is 
doubtful whether we will be able to obtain the necessary information 
within a reasonable length of time. A study of specific physiological 
groups, however difficult, seems at present to promise results more in 
keeping with the information gathered on the biochemical changes. 
Our knowledge of intermediate and end products is vastly greater 
than our knowledge of organisms causing the changes and producing 
the products. 

The sewage substation created by an act of the New Jersey Legis- 
lature in 1920 as a joint project between the New Jersey Agricultural 
experiment Station and the New Jersey State Department of Health 
has been changed by an act passed by the Legislature into a Depart- 
ment of Biology. of Sewage Disposal of the New Jersey Agricultural 
Experiment Station. 

Chapter 45, Laws of 1926 
Chapter 45 


An Act to amend the title and body of an act entitled “An act to authorize the 
Agricultural Experiment Station and the State Department of Health to 
investigate the biology of sewage disposal. 

BE IT ENACTED by the Senate and General Assembly of the State of New 

Jersey: . . 

1. The title of the act to which this act is an amendment be and the same 
is hereby amended so as to read as follows: 
__ An act to authorize the Agricultural Experiment Station to investigate the 
biology of sewage disposal. 

_ 2 The Agricultural Experiment Station of this State shall conduct an 

investigation of the biology of sewage disposal, to the end that more effective 

methods of sewage purification may be discovered and applied to the purifica- 
tion of sewage in this State. 

3. The said department shall be authorized to expend for such purpose 
such sums as shall be included in any annual appropriation bill. 

4. All acts or parts of acts inconsistent herewith are hereby repealed. 

5. This act shall take effect immediately. 

Approved March 17, 1926. 
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Again this year the Chemical Foundation appropriated the sum of 
$1,000 for studies to be carried on in the sewage substation, while the 
fellowship established last year by the Dorr Company for specific 
studies has been continued for another year. 


STAFF 


Fortunately for the work this year, no changes in the sewage 
substation staff occurred. ‘This has been the first year all members 
were employed on full time. 

The controlling committee of the substation has again consisted 
of Dr. T. J. Headlee, representative of the New Jersey Agricultural 
Experiment Station; Mr. John V. Mulcahy of the New Jersey State 
Department of Health, and Dr. Willem Rudolfs, Chief of Sewage 
Investigations. 

The research committee of the New Jersey Sewage Works Asso- 
ciation consisted of Messrs. H. M. Beaumont, Philadelphia, Chair- 
man; J. R. Downes, Plainfield; Paul Molitor, Chatham; J. R. Riker, 
Trenton; I. Z. Collings, Collingswood; H. N. Lendall, New Bruns- 
wick; C. A. Mitchell, Vineland; and Mr. Chester G. Wigley, Atlantic 
City, representing the Sanitary Section of the American Society of 
Civil Engineers. 


SCOPE OF INVESTIGATIONS 


The investigations have this year been organized into a number 
of headings: 


1. Gross relation between bacterial, zoological, and botanical activities and 
their chemical end products. 

2. Transformation of organic character of sewage into relatively stable 
end products. 

3. Studies on the activity changes of organisms by mechanical means 
(influence of stirring, washing of sludge, tank design). 

4. Effect of environment on sewage sludge digestion (temperature, hydro- 
gen-ion concentration, aeration, chemicals, addition of organic and 
inorganic materials, etc.). 

5. Effect of acidity and alkalinity adjustment on the rate of digestion. 

6. Studies on carbohydrate digestion (bacterial groups, effect of chemicals, 
temperature, effect of carbon-nitrogen ratio). 

7. The role of specific groups of organisms (bacteria, protozoa) on the 
course of digestion. 

8. Studies of methods of increasing or decreasing specific groups of 
organisms (protozoa, bacteria). 

9. Disposal of sludge (agricultural value, destruction by burning, distilla- 
tion) and recovery of valuable products (ammonia, gases, grease, etc. ). 

10. Study of the fate of intestinal organisms entering digestion tanks, with 
special reference to the B. coli groups. 

11. Causes and prevention of odors from sewage disposal plants. 

12. Studies of methods to control insect nuisances (psychoda fly, mos- 
quitoes, etc.). 


PUBLICATIONS 


A number of papers have been published during the fiscal year 
from the Sewage Substation, and are listed in the Journal Series on 
* page 48-50 of this report. 
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EFFECT OF LIME ON SLUDGE DIGESTION 


W. Rupotrs, H. HEUKELEKIAN, P. J. A. ZELLER, D. PETERSON, 
J. R. Downes 


Introduction 


It has been our contention for the last few years that the reaction 
of the medium is an important factor in sludge digestion. It has 
been pointed out in previous reports (16, 17) that during the course of 
sludge digestion several acid materials are formed and that the beha- 
vior of Imhoff tanks is often closely related to the reaction of the 
liquid and sludge of operating digestion compartments. It has been 
demonstrated again and again that as soon as the sludge or the super- 
natent liquid in the digestion compartments showed pH values near 
or below the neutral point, unbalanced conditions existed. The 
hydrogen-ion concentration measurements showed that when the 
supernatant liquid became nearly neutral troubles were approaching, 
and when the liquid registered pH values below the neutral point, 
troubles were present. We have pointed out that the determination 
of the hydrogen-ion concentration might be an efficient tool in the 
hands of engineers and operators provided they would know the 
optimum reaction for efficient digestion and the means of correcting 
the medium. 

Some preliminary experiments conducted in 1924 showed that the 
effect of lime under certain conditions was very pronounced. During 
1925 a beginning was made on a somewhat exhaustive study, both in 
the laboratory and at the Plainfield plant, in an effort to throw light 
upon the effect of lime under different conditions prevailing during 
digestion. The laboratory experiments were designed to find (a) 
the optimum reaction for most rapid sludge digestion, (0) how such 
an optimum reaction could be maintained, (c) whether or not more 
fresh solids could be taken care of at different reaction, and (d) the 
reasons for the action of chemicals, particularly hydrated lime. The 
plant experiments were conducted on an Imhoff tank in comparison 
with untreated tanks and for about six months on a newly constructed 
separate sludge digestion tank. The results obtained will be discussed 
separately under different headings. 


Laboratory Experiments 
Methods 


In a series of bottles sufficient ripe sludge was placed to take care 
of daily additions of 2 per cent. fresh solids (on a dry basis), found 
to be the maximum that could be added without impairing digestion 
(18). The bottle contents were adjusted to pH values of 7.2, 7.6, 
8.2, and 8.8 by the proper amounts of hydrated lime. To another 
similarly adjusted series, with the same amounts of seeding material, 
3% per cent. fresh solids were added daily, and to still another series 
5 per cent. fresh solids daily. 
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Fig. 1. Total Alkalinity in Mixtures of Ripe Sludge with Different Amounts 
of Fresh Solids Added Daily and Maintained at Definite pH Values 
by the Addition of Lime. 
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The bottles were numbered as follows: 


Per cent. | Per cent. 
Number pH Solids Number pH Solids 
1 Fig 2.0 | 7 8.2 | 2.0 
2 72 3:5 8 8.2 5 
3 ¥ Be 5.0 9 8.2 5.0 
4 7.6 2.0 10 8.8 2.0 
5 7.6 S Hae 11 8.8 i Sie 
6 7.6 5.0 12 8.8 5.0 


The calculated amounts of fresh solids were. added daily, except 
on Sundays and holidays, but to compensate for these omissions, 
double portions were added the day following. Once each week a 
sufficient amount of the bottle contents was withdrawn to maintain a 
constant volume of material. To determine the changes in pH values 
caused by the digestive processes, a small sample was withdrawn twice 
a week and the bottle contents were readjusted to the predetermined 
hydrogen-ion .concentration whenever necessary. Twice a week pH 
values were determined on the bottle contents, and once a week analy- 
ses for carbonates, ammonia, solids, and ash were made. A record 
was made of the total amounts of fresh solids, their pH values, their 
total acidities, and the amounts of lime necessary to adjust them to 
the different pH values. Counts of bacteria were made on agar 
plates and protozoa were enumerated and the species recorded in the 
manner used in this laboratory (15). 


Results 


Chemical 


From the beginning of the experiments it was noted that lime 
added in different amounts had a marked effect on the distribution 
of the solids between the top and the bottom of the liquid. The 
solids in all the bottles adjusted to 7.2 and 7.6 remained at the bottom 
throughout the duration of the experiment, whereas solids in the 
other bottles were moving continuously from top to bottom and vice 
versa, usually from % to % being at the top. This is not only sig- 
nificant for the process of digestion, but also in connection with 
excessive scum formation. It is well known and has been found 
repeatedly in our laboratory that solids slightly acid in character will 
also float to the top and remain there permanently unless the reaction 
of the material is changed. 

Alkalinity—For convenience of an adequate presentation of the 
results, the series kept at different reactions will be discussed sepa- 
rately. Total alkalinity, represented in figure 1, shows in the pH 
7.2 series a rapid increase during the first month from about 700 
p.p.m. to 1500 to 1600 p.p.m. No increase in total alkalinity occurred 
during the next three weeks, but thereafter again a slight increase 
occurred. Alkalinity figures are as a rule of no interest after the 
initial rapid increase. The first increase indicates usually a certain 
progress in digestion, but as soon as digestion is well under way, the 
alkalinity curves flatten out. When fresh solids are digested without 
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Fig. 2. Ammonia Production in Mixtures of Ripe Sludge with Different 
Amounts of Fresh Solids Added Daily and Maintained at Definite 
pH Values by the Addition of Lime 
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daily additions, the rise of the alkalinity curves is reversed towards 
the end when digestion is nearing its completion. From the curves 
it will be noticed that the total alkalinity and shape of the curves is 
very similar for 2, 3.5 and 5 per cent. additions. It seems thus that, 
if alkalinity alone could be taken as an index to digestion, practically 
no more alkaline materials were produced with larger additions than 
with smaller. It should be kept in mind, however, that total acidity 
increased with the amount of organic matter present and that alkaline 
substances may be produced at a faster rate in more concentrated 
material, but that they neutralize the acids and acid colloids. (See 
also general discussion, p. 489. In the pH 7.6 series the rise in alka- 
linity continued for nearly two months to about 2400 p.p.m. and was 
followed by a drop. This drop occurred in spite of the fact that the 
pH values were kept as nearly as possible at the same values by the 
addition of hydrated lime. It is also of interest to note that par- 
ticularly the bottles receiving 2 and 3.5 per cent. daily additions did 
not fall below 200 p.p.m. The titrated alkalinity at the end of the 
second month was perhaps due in part to the lime added, but as a 
rule the lime was taken care of by the acids formed. The pH 8.2 
series presents a different picture in total alkalinity figures. Although 
large amounts of lime were added during the first two weeks, the 
rise from about +50 to 1100 p.p.m. was interrupted for nearly 3 weeks, 
but then was followed by a rapid rise to about the same level as in 
the pH 7.6 series. However, instead of running parallel for the dif- 
ferent solids additions, they diverged widely and the individual curves 
fluctuated rapidly from sampling period to sampling period. Alka- 
linity in the pH 8&8 series rose rapidly to a high peak of 2200 p.p.m 
and dropped at the same rate to 1300 p.p.m during the next month. 
This drop in alkalinity could not be checked by the large quantities 
of lime added during this period. That additions of lime do not 
necessarily increase total alkalinity is shown in figure 1, where the 
alkalinity of bottles receiving 2 per cent. fresh solids daily and kept 
at different reactions 1s compared with the amounts of lime.added at 
given dates. The bottle kept at pH 8.2 shows this very strikingly at 
the beginning of the experiments, whereas the other examples show 
it more definitely after 2 months’ incubation. 
Ammonia-nitrogen.—Figure 2 shows the initial increase and fluc- 
tuation in ammonia-nitrogen in the different bottles. It will be seen 
that in nearly every instance ammonia production reaches its maxi- 
mum after a little over 3 weeks of incubation. The fluctuation which 
followed this rise seems to be more or less rhythmic, especially in the 
pH 7.6 and 88 series. Of interest is that the shapes of the curves in 
the pH 7.6 series are nearly identical for the different solids concen- 
trations. In comparing the curves for total alkalinity with the 
ammonia curves it will be noticed that the general tendency of the 
curves is the same, barring the large fluctuations in the latter. In the 
case of fresh solids digestion experiments without daily additions 
(17) it was found that ammonia and carbonates production increased 
rapidly during the first stage of digestion, carbonates decreasing and 
ammonia-nitrogen remaining constant later on. Cyclic ammonia pro- 
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duction did not occur, but observations on ammonia production in 
Imhoff tanks (16) show fluctuations of a more or less rhythmic 
character. This would indicate, as has been pointed out before, that 
the digestion processes are not continuously uniform in rate and pos- 
sibly not the same in character throughout the duration of the 
experiments. 

Hydrogen-ton Concentration.—The variation in pH values of the 
contents of the different bottles, together with the amounts of hy- 
drated lime added to adjust the reaction, are presented in figures 
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Fig. 3. Comparison of Fluctuations in pH Values and Amounts of Lime 
Necessary to Maintain the Reaction of the Mixtures of Ripe Sludge 
with Different Amounts of Fresh Solids Added Daily at pH Values 
of 7.0 and 7.6 


3, 4, and 5. It should be kept in mind that in all cases the fresh 
solids were adjusted to the different hydrogen-ion concentrations 
before their daily addition to the bottles. The graphs in figures 3, 
4, and 5 represent, therefore, the variation in pH values caused by 
the digestive activities. From figure 3 it can be seen that bottles 
1, 2, and 3, intended to be kept at pH 7.0, were nearly always slightly 
higher, especially at the beginning of the experiment. The average 
pH value of the whole period of the experiment for the series was 
7.2. Because of the digestion processes, which have always a ten- 
dency to make the medium more alkaline as soon as the neutral point 
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is reached, it was practically impossible to retain the bottle contents 
at exactly 7.0 unless certain acid compounds had been added. It 
seems thus that adjustment of incoming material to this pH value 
excludes the necessity of adding lime to the tanks (see also p. 463). 
The addition of acid compounds was considered undesirable, since 
this series then could not very well be compared with the other series. 
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Fig. 4. Comparison of Fluctuations in pH Values and Amounts of Lime 
Necessary to Maintain the Reaction of the Mixture of Ripe Sludge 
with Different Amounts of Fresh Solids Added Daily at a pH Value 
of 8.2 


The same difficulty was encountered with all other bottles, but here 
the tendency was usually toward the neutral point, or rather toward 
greater acid than alkali production. This is of considerable interest 
since it tends to show that additions of lime, while neutralizing acid 
compounds, stimulated acid formation. This question will be dis- 
cussed later in greater detail (p. 489). Data and curves (fig. 3, 
4, and 5) seem to show that after a short time of incubation, rhyth- 
mic fluctuations of pH values occurred. Fluctuations in pH values 
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became larger with the increase of solids added, and again differences 
in pH value from sampling period to sampling period became greater 
when attempts were made to keep the solids at higher pH values as 
indicated by the 7.2, 7.6 and 8.2 series. The remarkable uniformity 
of the pH values in the 8.8 series during the first 21% months could 
be caused by one of two reasons: First, an equilibrium in digestion, 
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Fig. 5. Comparison of Fluctuations in pH Values and Amounts of Lime 
Necessary to Maintain the Reaction of the Mixture of Ripe Sludge 
with Different Amounts of Fresh Solids Added Daily at a pH Value 
of 88 


indicating rapid and desired decomposition; or, second, inhibitory 
action of the lime used for initial adjustment. In case an equilib- 
rium was established between the organisms with subsequent rapid 
digestion, the acid compounds would be taken care of by alkaline 
products as soon as the acid materials were formed. The results 
would be a continuous, fairly smooth curve during the whole period 
of digestion. After the first 214 months, however, fluctuation in 
pH values became very pronounced. Moreover, other data and ob- 
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servations show that digestion in this series took place during the 
first two months at an even rate, but the equilibrium was upset later. 
It is possible that at this high pH value another optimum for diges- 
tion is found, with a different type of digestion than at pH 7.2 to 
7A. The results obtained at pH 8.2 would then indicate a transition 
stage between the two optima. However, the second part of the 
experiment indicates clearly that digestion at this pH value does not 
give persistent good results. From an economic viewpoint digestion 
at such high pH values seems, at the present state of our knowledge, 
out of the question unless the entering sewage is so alkaline that with 
little or no modification such a pH value could be reached. At pres- 
ent we do not feel that evidences are conclusive enough to warrant a 
statement that digestion is satisfactory at this reaction, especially in 
view of the strong odors produced. 

Odors.—During the course of the experiment particular attention 
was paid to the odors emanating from the bottles when shaken for 
samples. Practically no odors were noticed from the 7.2 and 7.6 
series at any time. On August 18 a decidedly putrefactive odor has 
developed in number 7 (pH 8.2 series, 2 per cent. solids addition). 
On September 7 the odor in this bottle was very bad, and odors had 
developed in bottles 8 and 9. On October 27 the odor in these bot- 
tles was noted as “most vile,’ for want of a better expression. On 
November 3 the odor in these bottles was still persistently “very vile” 
and an odor started to develop in the bottles of the pH 8.8 series. 
On November 13 the daily additions of fresh solids were discontinued, 
but analyses were made for some time afterward. On’ November 
20 the bottle contents of the 8.2 and 8.8 series had still very bad odors. 
From these observations it is of interest to note that odors developed 
first in number 7, then gradually in 8 and 9, and finally included 10, 
HH -and 12: 

In the course of digestion of fresh solids, putrefactive odors 
usually develop after most of the soluble carbohydrates have disap- 
peared. When the fresh solids are adjusted these odors are much 
less, and with correct adjustment never appear. The reasons for the 
production of odors at high pH values are discussed elsewhere in 
this report (p. 489). The observations on odors alone would indicate 
that adjustment to the higher pH values would be objectionable in 
practice; but the fact that such rapid changes occurred in the 8.2 
series, and that the 8.8 series showed such poor results, would limit 
adjustment to below pH 8.2. 


Solids —The data obtained on the percentage of solids present in 
the different bottles at the time of sampling during the course of the 
experiment are presented graphically in figure 6. All data repre- 
sented by these curves were corrected for amounts of lime added. 
Total solids in the ripe sludge, used for seeding at the beginning of 
the experiment, were 4.98 per cent., and daily additions contained 
on an average also about 5 per cent. solids. The samples used were 
about 1/40 of the total material and during the first week relatively 
large proportions of the ripe sludge were necessarily withdrawn. If 
no samples had been taken, the total fresh solids added in the 2 per 
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cent. addition should have equaled the original amount of sludge in 
50 days; in the 3.5 per cent. additions, about 30 days; and in the 5 
per cent. additions, about 20 days. The withdrawal of some of the 
ripe sludge during the first few weeks in relatively larger proportions 
than the added fresh solids, however, decreased these periods some- 
what. On the other hand, later on the proportions were reversed, 
which resulted, especially for the larger additions, in slightly longer 
periods. For convenience the periods of 50, 30, and 20 days will 
be used as a basis of discussion. 


If the rate of digestion (reduction in solids) in the different bot- 
tles was equal to the rate of addition of fresh solids, the results when 
plotted should give approximately a straight line. If, however, the 
rate of digestion was faster than the additions of fresh solids, e. &., 
if more solids could have been added without impairing digestion, 
the curves should show a downward trend. On the other hand, 
when the rate of digestion was less than could be taken care of by 
the seeded material, the total solids should increase. Figure 6 shows 
what happened. In the pH 7.2 series the curves for the 2 per cent. 
additions show a persistent and rapid downward trend for the first 
50 days, corresponding to the 50 days calculated to be sufficient for 
seeding. For the next 30 days the curve is level, showing that the 
material in the bottle was able to take care of the fresh solids addi- 
tions, as exemplified by the next 30 days when the curve again 
dropped slightly. In spite of the fact that the original material, ripe 
sludge, contained 5 per cent. solids, the total solids figures show a 
reduction from 5 to 3.7 per cent. The curve for 3.5 per cent. fresh 
solids addition in the pH 7.2 series shows a rapid decline for the first 
45 days, followed by a slight rise, but again followed by a rapid 
decrease, resulting in a total reduction from 5 to 3.4 per cent. Obvi- 
ously the amount of ripe sludge was able to take care of 3.5 per 
cent. fresh solids daily if adjusted to these pH values. The curve 
for the daily addition of 5 per cent. solids shows a decrease from 5 
to nearly 4 per cent. during the first month. However, this was fol- 
lowed by a marked rise, but again followed by a sharp drop during 
the last period of the experiment. This would tend to show that 
with careful manipulation it is possible to add 5 per cent. fresh solids 
daily for some time with comparatively good results. ‘The fluctua- 
tions tend to show, especially if it is kept in mind that these 
experiments were conducted at an even temperature of about atl 
that in ordinary plant operation, troubles might result. It seems 
possible, however, that during the season when temperatures in the 
digestion compartment are above 65° F. tanks could handle 5 per 
cent. fresh solids daily if adjusted to a pH of 7.2. 


The picture presented for the pH 7.6 series is in general the same 
as discussed above, although the decrease in per cent. solids during 
the first period of the experiment was less rapid than for the pH 7.2 
series. Here, attention must be called to the fact that a lesser 
decrease in per cent. solids reduction at this reaction does not neces- 
sarily mean a less rapid digestion. Ina former report (17) attention 
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Fig. 6. Solids in Mixtures of Ripe Sludge with Different Amounts of Fresh 
Solids Added Daily and Maintained at Definite pH Values (Corrected 
for Lime Added) 
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was called to the difference in the type of digestion caused by exclu- 
sion of air. The statement can now be made that the reaction of the 
medium is also closely related to the type of digestion. With a cer- 
tain reaction, apparent “liquefaction” takes place most rapidly, 
whereas with another reaction “gasification” or “mineralization” over- 
balances “liquefaction.” This question will be discussed at length 
and data presented in a forthcoming publication. 


An examination of the curves for the pH 8.2 series shows an 
entirely different picture. With additions of 2 and 3.5 per cent. 
solids. no reduction took place during the first 2 months. From then 
on a rapid increase occurred. A word must be said here about the 
daily additions of fresh solids. On September 20 the Riensch Wurl 
screens had to be taken out of operation for cleaning and repairs and 
were put back into operation October 29. For this reason, the solids 
collected in the preliminary sedimentation tank were somewhat 
coarser and heavier. As it was thought best not to alter or dilute 
these fresh solids, they increased somewhat in concentration. Since 
the same amounts of solids were added to all bottles, the individual 
bottle contents in the experiment are entirely comparable. The 
increase in solids concentration during this period explains why it 
was possible that the solids content of the bottles could actually 
increase over the original when digestion was not progressing satis- 
factorily. In the bottles where an actual decrease of solids took 
place over the original, digestion can be regarded as better than the 
curves would indicate. 


Under the discussion about odors emanating from the bottles, it 
was stated that after about one month odors developed in the bottle 
with 2 per cent. additions, followed shortly by the bottle with 3.5 per 
cent. additions. 


The odors, particularly in the bottles to which 3.5 and 5 per cent. 
solids were added daily and which were adjusted to pH values of 8.2, 
were so intensive that under ordinary plant operation handling of 
material at this pH value would be out of the question unless precau- 
tions were taken to seal the tanks, galleries, etc., completely and to 
burn the gases. The curve shows that the solids, in the bottles with 
the 2 per cent. addition with this particular reaction, increased but 
slightly during the first 50 days; with 3.5 per cent. additions it 
remained practically constant for 40 days; but increased steadily with 
5 per cent. additions. The 2 and 3.5 per cent. additions caused a 
rapid rise in percentage solids after these initial periods, followed by 
a drop. It would seem, therefore, that the limit of daily additions 
at a reaction of pH 8.2 is below 2 per cent. 


In the discussion of hydrogen-ion concentration of the bottle con- 
tents, attention was drawn to the remarkable uniformity of pH values 
in the 8.8 series. For approximately 90 days the percentage solids 
decreased somewhat in all bottles of this series. The decrease was 
persistent and it seemed that good results could’ be expected at this 
high pH value. No odors were present during this time. During 
the next month, however, solids increased rapidly and the stench 
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Fig. 7. Ash in Mixtures of Ripe Sludge with Different Amounts of Fresh 
Solids Added Daily and Maintained at Definite pH Values (Corrected 
for Lime Added) 
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emanating from the bottles became unbearable. The comparatively 
large volume of ripe sludge present at the beginning of the experiment 
contained a well-balanced flora and fauna. The lime added retarded 
the action of the organisms responsible for the attack on certain com- 
ponents of the fresh material sufficiently to deter their active decom- 
position. With very large quantities of lime the activity of all 
organisms would be inhibited. The amounts of lime added in these 
cases were sufficient to retard certain groups of organisms, but not 
enough to sterilize. The’result was that when finally these organisms 
were capable of attack on a larger scale, the action became violent 
and was accompanied by strong odors. If an analogy might be 
drawn, the action in the bottles during the first 3 months was similar 
to experiments made in our laboratory and elsewhere, where insuff- 
cient lime had been added for the dewatering of fresh solids. At first 
the material dries somewhat, but the odors later on indicate that the 
material was by no means sterile. (See also the discussion on theory 
of action of lime.) 


Ash.—li all organic matter is mineralized at the rate at which 
additions are made and if samples are drawn equal to the amount 
of material added, the ash content should remain practically the 
same. If the rate of mineralization is slower than the rate of addi- 
tions, ash content should decrease, whereas, if the rate of mineral- 
ization is more rapid than the rate of addition, the ash content 
should increase. In case the percentage solids decreases with constant 
additions of fresh material and these solids (organic matter) are 
mineralized, we must find a corresponding increase in ash content. 
A comparison of figure 7, showing the percentage ash of the different 
materials, with figure 6, representing the percentage solids, shows 
that the curves for the bottle contents kept at a reaction of pH 7.2 
do not bear this out. Solids decreased with the 2 per cent. addition 
from 4.98 to 3.61 or about 27 per cent., while the ash content, 
instead of increasing, remained nearly constant. In case of the 
5 per cent. additions, the solids decreased about 26 per cent. and the 
ash actually decreased nearly 18 per cent. The reasons for these 
discrepancies are given under the discussion of results. 


The curves for ash content of the 7.6 series show a different 
trend. Daily additions of 2 per cent. showed an initial ash increase 
corresponding to the decrease in solids. Fluctuations took place in 
the course of the experiment but near the end of the experiment 
the percentage solids reduction was about equal to the percentage 
solids increase, namely 24 and 22 per cent. respectively. Calcula- 
tions for different points in the curves indicate this definite trend, 
although sometimes the percentage of ash increase was not so rapid 
as the percentage of solids decrease. The curves for the 5 per cent. 
daily addition in this series show that not all material could be min- 
eralized as rapidly as the solids were reduced. At the end of the 
experiment solids had decreased somewhat with practically no increase 
ingash. This shows that, although the rate of reduction of fresh 
solids was faster than the rate of addition, indicating that at this 
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reaction 5 per cent. solids can be handled, the liquefied solids were 
not mineralized fast enough to prevent a relative decrease in ash. 
This might mean that in the long run daily additions of 5 per cent. are 
detrimental to uniform and efficient digestion. 


A comparison of the ash and solids curves in the pH 8.2 series 
tells an entirely different story. At the beginning of the experiment 
the ash content for the 2 and 3.5 per cent. additions increased rapidly 
whereas the solids remained constant. This period lasted for not 
more than 30 days and solids increased rapidly, whereas the ash 
content dropped markedly, indicating that a piling up of fresh 
solids took place. The discussion under “solids” of the pH 8.8 series 
holds for the percentage of ash as well. 


Bacteriological 


The total numbers of bacteria as revealed by plate counts were 
determined in an effort to ascertain the influence on the bacterial 
flora of the addition of lime to digesting material. 


The bottles kept at a pH value of 7.2 with various percentage 
additions of fresh solids, maintained a relatively uniform level 
throughout the period. They showed a period of initial stimulation 
followed by a period of decreasing numbers and then finally a 
second peak (fig. 8). The bottle which received 2 per cent. fresh 
solids daily did not have a clear-cut secondary peak, but instead the 
curve shows a continually decreasing trend. The curves for the 3.5 
per cent. and 5.0 per cent. fresh solids addition on the other hand 
are more irregular and have a higher average. The bottle with 5.0 
per cent. fresh solids addition shows a decided increase at the end 
of the experiment. In this series of pH values it was not necessary 
to add lime to adjust the reaction of the digesting material, but lime 
was added to the fresh solids to bring the reaction up to the desired 
value. Under these conditions it could not be expected that there 
would be a very marked stimulating effect on the numbers of bacteria. 
The fluctuations recorded are similar to those observed during normal 
digestion. The outstanding difference between these results and those 
obtained from a previous experiment on the effect of addition of 
different amounts of fresh solids to ripe sludge, without any attempt 
to maintain the reaction, is in the absence of any indication of initial 
stimulation of bacterial numbers in the experiment under discussion. 
This is what would be expected if the stimulation of bacterial num- 
bers obtained on adjusting the reaction is due to lime. With this 
exception the remainder of the curves for the two experiments are 
identical, inasfar as they both show a secondary stimulation. This 
conforms to the fact, as will be pointed out later, that this secondary 
peak is quite independent of the influence of lime and may be due 
to an internal factor of digestion at this stage. 


The series of bottles kept at pH 7.6 gives a picture similar to the 
ones kept at 7.2 except that the different stages are more prominent 
and more easily distinguishable. As before, there is a period of 
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initial stimulation, then a period of relatively low level followed by a 
secondary peak of lower magnitude but of longer duration than the 
initial one. The curves for the bacteria present in the bottles with 
the different amounts of fresh solids added are remarkably similar, 
with the exception that the smallest addition did not show such a 
marked initial stimulation as the other two. All three of them, on 
the other hand, have a similar low level of about the same duration 
and a second peak taking place at about the same time and of about 
the same height. These bacterial fluctuations seem to be correlated 
with the lime added to adjust the reaction of the digesting material, 
for unlike the previous series, small amounts of lime were necessary 
from time to time to maintain the pH value at 7.6. Figure 9 shows 
that the addition of lime to maintain the pH value at a constant level 
resolves itself also into 3 stages; first, about 2 weeks in the beginning 
when considerable amounts of lime were necessary, second, a period 
lasting for about 3 weeks when no lime was added, and then finally 
the last stage when increasing amounts of lime were necessary to 
maintain the reaction. In spite of the increasing amounts of lime 
added, the pH values were not constantly maintained at the desired 
point. In the initial period the maximum amount of lime addition 
necessary, came after the maximum stimulation of bacterial num- 
bers, and it is worthy of notice that with decreasing bacterial num- 
bers increasing amounts of lime were necessary. This indicates that 
the small amounts of lime added, initially stimulated a group of organ- 
isms for a brief period, after which they declined in numbers in spite 
of increasing lime applications. It would seem as if this group belonged 
to the intestinal type of bacteria which were added with the fresh 
solids. The fact that with 2 per cent. additions this bacterial peak 
does not materialize although it does with the additions of 3.5 and 
5 per cent fresh solids daily, points the way to this conclusion. This 
group of organisms does not remain stimulated, but, as without the 
addition of lime, their numbers are eventually materially reduced. 
These organisms utilize available carbohydrates and other easily 
attacked materials and produce large amounts of acids which cannot 
be neutralized with even increasing amounts of lime. Once this 
initial stage is over (when these organisms have fulfilled their role) 
the total numbers decrease and remain at a low level with the subse- 
quent result that the pH values are maintained without the addition 
of lime. This is the period of readjustment in which the acids pro- 
duced are being further destroyed or neutralized so that the flora 
which is to carry on the digestion further to completion can start its 
activity. In this period the more complex materials are being liquefied 
or broken down, preliminary to final digestion. Finally the pH value 
begins to drop and lime becomes necessary in increasing amounts. 
The curve for the total numbers of bacteria follows closely that of 
lime. It is well to add that the increase in the bacterial numbers in 
this case is due to a different group than that at first, and that lime 
is not the cause but the result of this peak in bacterial numbers as in 
the initial stage. From the above discussion it would seem that diges- 
tion is proceeding in a desirably uniform course in this series, as is 
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indicated by the normal average cycle, without the large and erratic 
fluctuation in the bacterial curves. It would further seem that even 
with a 5 per cent. addition of solids the equilibrium is not so materi- 
ally upset that unstable conditions prevail, which would have been 
the case if the reaction had not been adjusted. 


In passing to the next series of bottles kept at pH values of 8.2 
we have a picture similar in its gross outline to the previous ones 
(fg. 10). The three stages in the bacterial curves as observed 
before are still discernible with the exception that the initial and 
final peaks are much more pronounced and the fluctuations greater. 
To maintain the pH value greater amounts of lime than in the pre- 
vious cases were necessary during all stages, hence, there were greater 
bacterial numbers in general. After the initial stimulation of bacteria 
with comparatively small amounts of lime, the numbers decreased, 
whereas at the same time more lime was necessary to maintain the 
pH at 8.2. This sequence in the peaks of bacteria and in lime curves 
is the same kind of relationship observed before, but the period in 
which no lime was necessary to maintain the reaction in the previous 
series has been either wiped out or greatly curtailed. So in this case, 
with even a low level of bacterial population, considerable amounts 
of lime were needed to maintain the reaction. The greater the per- 
centage of fresh solids added, the greater was the instability of the 
pH curve; and the more lime required to maintain the pH values, 
the lower was the bacterial curve. Here, with the greater amounts 
of fresh solids, the lime necessary to maintain the reaction already 
shows an inhibitory action on the bacteria. When the bacteria were 
at a low level and comparatively large amounts of lime were neces- 
sary to maintain the pH values, a group of bacteria must have been 
active to a certain extent in producing acids but their numbers were 
either not large enough to be reflected in the total counts or did not 
grow on the ordinary plates. The latter of the possibilities seems to be 
more acceptable in view of the fact, as will be demonstrated later, 
that lime stimulates the activities of spore-forming anaerobes that 
are capable of producing large amounts of gas and also of producing 
quantities of actds, but which do not grow readily on ordinary 
plates. It is also probable that lime stimulates other groups of bac- 
teria as well with the result that vast fluctuations occur after the 
proper equilibrium is upset. 

The above discussion indicates that at this pH value a critical 
point is reached whereby the normal equilibrium is upset, subse- 
quently resulting in a series of unstable fluctuations in the bacterial 
population. The picture in this series is quite different in this respect 
from the preceding or from the series next to be considered. 


Although the curves in the series of bottles which was main- 
tained at a pH value of 88 (fig. 11) can still be split up into 3 
well defined sections the initial stimulation instead of being higher 
than that of pH 8.2 is actually lower. The period of retardation 
following it is longer and more pronounced as indicated by a low 
bacterial level and by the fact that pH values. were maintained for 
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a long time without the addition of lime. Whereas in the previous 
series, the pH was dropping intermittently throughout the experi- 
ment in spite of the addition of large amounts of lime, in this case 
the pH value did not change for over two months even without the 
addition of lime. At the end of this period, activity started explo- 
sively, pH values dropped precipitously and in spite of enormous 
amounts of lime added it could not be constantly maintained. Bac- 
terial numbers were kept down during this period by excessive 
amounts of lime added at the beginning, and the stimulation took 
place only after the retarding effects of initial lime were overcome 
and digestion was well under way. As before the curves for the three 
different percentage additions had materially the same trend. 

Some interesting facts are borne out from the average numbers 
of bacteria for the whole period in different bottles as given in 
table 1. . 


TABLE 1 


Average numbers of bacteria on wet and dry basis and the amounts 
of lime added to the digesting material during the whole period. 


heh fe | pH 7.6 
| BACTERIA | | BACTERIA | 

| Lime | | | Lime 
Sotips | perce. |pergram.| added | perce. |pergram.| added 
per cent. millions | millions | gm. | millions | millions | gm. 
2.0 30.6 1268 0 42.7 1704 | 16.0 
Sie 40.4 1697 0 48.2 1823 PAWN 
5.0 445 1990 0 SB 1938 1/9 22.0 

pH 82 | pH 88 
200 79.8 2372 21.0 44.0 1568 21.0 
55 56.5 1582 41.0 59.9 2029 26.0 
5.0 57.9 1758 35.0 48.1 1849 21.0 


In general for a given pH value the average bacterial numbers 
are higher with the large additions of fresh solids but, as had been 
brought out in a previous publication (17), this is in no way pro- 
portional to the increase in organic matter. This generalization does 
not hold strictly, however, in the case of higher pH values. At a 
pH value of 8.2 with a 2 per cent. fresh solid addition higher average 
numbers were obtained than with either 3.5 per cent or 5 per cent. 
The explanation for this has been given before; namely, that with 
larger quantities of fresh solids the instability of the pH curve was 
greater and more lime, which had an inhibitory effect on the bacterial 
numbers, was required to maintain the pH. Whereas 21 gm. of 
lime was necessary to maintain the pH during the whole period at 8.2 
for 2 per cent. concentration, 41 and 35 gm. were added to bottles 
receiving 3.5 and 5.0 per cent. solids respectively. In fact the highest 
average numbers of bacteria occurred at a pH value of 8.2 for all 
additions of fresh solids. But this, as pointed out before, can not 
be taken as a desirable phenomenon as it was accompanied by great 
- fluctuations, indicating a condition of instability. 
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In passing over to the pH range of 8.8 the average total numbers 
of bacteria already indicate a dropping off over the previous series 
‘except with the 3.5 per cent. solids addition, which is only slightly 
higher than the same percentage addition of the previous series. Even 
though the total lime added to this series is not higher than in the 
previous case, the initial amounts of lime added to the ripe sludge 
checked activity to such an extent that bacterial numbers were re- 
pressed and lime additions were not necessary for considerable time. 


It is interesting to note that these same relationships hold whether 
the bacterial numbers are calculated on a wet or dry basis. None 
of the above statements in regard to the effect of the different addi- 
tions of fresh solids needs to be modified when the bacteria are pre- 
sented on the dry basis. This is remarkable in view of the fact that 
the concentration of the solids in the different bottles varied within a 
wide range (1.5 to 6 per cent. organic matter). This would indicate 
that neither the concentration of the material nor the percentage of 
organic material has as marked an influence on the bacterial numbers 
as certain internal factors connected with the course of digestion or 
as a change in the environmental condition brought about by lime. 
This is in line with other observations which show that it is not so 
much the total concentration of solids as the type of food material 
that affects the numbers of bacteria. 


In general, lime additions, up to a certain point, stimulate the 
numbers of bacteria, but maximum numbers do not necessarily mean 
maximum digestion. The numbers of bacteria are also increased 
by larger additions of solids but not to so great an extent as in the 
case of lime. With the increase of the total numbers of bacteria at 
higher pH values, great fluctuations in numbers occur, indicating a 
condition of instability. In fact larger additions of fresh solids in 
conjunction with higher pH values may bring about such unstable 
conditions that the increased amounts of lime necessary cause a 
depression in numbers of bacteria. In view of these facts the 
adjustment of the material to a pH value of 7.6 is most desirable 
since it gives high bacterial numbers and at the same time a uniformly 
smooth curve. 


In conclusion it can be said that lime in small quantities (sufficient 
to neutralize the initial potential acidity) does not stimulate the bac- 
teria. Stimulation takes place in this case only as a result of internal 
factors, namely, the decomposition of available carbohydrates in the 
initial stages by the intestinal group and a secondary stimulation due 
to the flora that becomes established and carries on the digestion 
proper. (See series pH 7.2 and 7.6.) With larger amounts of lime 
than is necessary for the neutralization of the initial potential acidity, 
a marked stimulation of bacteria takes place over the normal stimu- 
lation due to internal factors. This condition presumably prevailed 
between pH 7.6 and 8.2 because already at pH 8.2 an unstable con- 
dition has been reached resulting in great fluctuations in bacterial 
numbers. With still larger quantities of lime a marked retardation 
is evidenced. 


1-4, aan 


dete 


a a eS tee Rees ar 


EXPERIMENT STATION REpoRT 435 


Zoological 
The protozoa, in the series of bottles adjusted to a pH value of 
7.2 were numerically fairly constant. As indicated by the curves of 
figure 12 no great fluctuations appeared. The flagellates were the 
TABLE 2 
Weekly average of protozoa found in the four series of bottles 
(per one cubic centimeter ) 


FrEsH Sortips ADDED 


| 
GENERA |___ Serres pH 72 |_—Sertes pH 7.6 

bee. dG | SP | 2.0%" | RSG 1775:0% 
PITEDORIOUAS, coo. -c,--02- oc. 20 | 305 145 314 95 423 
BERG aTICUS A2-...-<,2.0-.-------- 400 1427 454 145 282 127 
SONS ee eerie 120 1040 1737 286 773 818 
GO Ta ari 100 145 243 41 328 155 
Meee ComanaS fey .--cs.--_ 2 150 791 Cialis. see 172 250: 
St at par 720 Sak bl Peet: | Syed ils fe 304 
OR ee ae 70 GAR 1a ee Wome Sy oe | eee. 
meernieCmOnas: Stores TN 1a) yeh eye oie hee CBs ytth wa eo | 
Mastigamoeba ................ 20 127 245 80 Al See\ee Lise 
(ENC se uc RS ee A es cee edie || ges ea (ae ee flit 
peer iagellates 2... .:..2..-.::: 2000 2400 3500 1418 | 3459 | 3682 
PIplOniry a2... 70 a7 475 1367) ) Fe | 491 
MExOLINChA: 2 thee. i 220 4] 54 90 23 159 
Periniyema. cit. 2... 100 304 1150 168 oan Zhe 
Leas? Pe ee ee 50 111 AGA ch a pelts 
SCTE eg ereeetenneomnamiaadinande 4 140 314 36 150 231 
US as, ge pele Sain ae ane tp Pig | pce 9 ill ghee | aa Sy sae 
Oy Vitae TE pe a WORE Tk See 2 Spleig Ei Aaaa e Ue: Sram a | be 
a Ea Ee ee ee eee GOS BeOS Atel at 12> 4) Peet eee 
ENT Se eee Lie SiS4ac| pe Y DOG) ein Z8ac ee 7.0 


* Total protozoa in thousands per cubic centimeter. 


| FresH SoLtps ADDED 


GENERA |___ Series pH 82 | _—Sertes pH 88 

eZ OGa ats 5 yl 5.0% 142 2.0%4.) B:59%= 45.0% 
@repomonas <..0.............. AST Ney | ie ee Label tee 2900 | 50 
SETS (av ee 23 | 236 723 4818 1173 
RAS ce has ce ae 109 145 682 141 52708.) Dene 
[CL ts Ra Gielen hth 295 241 2OOG ety ot 1115 2/3 
Merconionas wsicccnas 22 95 95 241 1541 459: 
SEC (ee 45 245 1223 50s aS 43 545 
Pe eS ES oe We A ae Sed ec ee Ee a ee ne | ee) | ere 
meeteromonas. £02225) 2... GORA Sampaio Ua ap oie ae 
Mastigamoeba .............-.- (EA ese abe  e 50.4 50’ 
ia wera ey cere Mie ss at Pee by a a la | 50 
maviapellates 22 .. 677 1168 4377 1718 | 18191 | 40841 
Gl gt ae 467) | Fe | 49] 36 159 236. 
or is Cres ae eet. ele cee, OR ot 50 50 
a rayeria gas 100 64 | 100 28 253; | 28 
“ae Sab SS ae 2 Reed ee Sa SF ad (RES le en, 0 a gt ones 
Cee Ce ee ee ee Oh Ce | Secanee t= gelires : 
OT TUT sa eek eth, Be UO) ey gt ee eee nee ke a err Coa sae oe 
renee Am ees es Seo rhe I |. 9th Desh dace beg poet kere hagtle EP ie es Vie tte 8 
SC ee 36 SO a kawtek, ul Been 18 
i pees Oot ae ae 75s [ 2 2 OF eo eres 54.0) 


* Total protozoa in thousands per cubic centimeter. 
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most abundant, and belonged to the species that predominate in 
the Imhoff tanks. Table 2 indicates the genera which were present. 

The numbers of protozoa, in the bottles of series pH 7.2, increased 
proportionately to the amount of fresh solids added. Compared with 
the 2 per cent. additions of fresh solids, the 3.5 per cent. addition 
almost doubled the number of protozoa, and the 5 per cent. addition 
increased the protozoa approximately 2.5 times. The bacteria, as 
already pointed out in the bacteriological discussion, increased in 
numbers with the addition of larger amounts of fresh solids. The 
proportionate increase, however, was greater among the protozoa 
than among the bacteria. 

The series of bottles adjusted to a pH value of 7.6 contained an 
average of one thousand less protozoa per cubic centimeter than the 
series having a pH value of 7.2. 

The reduction in numbers of protozoa is undoubtedly due to the 
amount of lime which had to be added to increase the alkalinity from 
7.2 to 7.6. Laboratory experiments have shown that lime has a 
lethal effect upon protozoa in a one part to one thousand parts con- 
centration (17). 

The bottle contents adjusted to a pH value of 8.2 were very 
unstable in regard to their protozoan population. The bottle receiv- 
ing 2 per cent. of fresh solids contained no protozoa from August 7 
to October 30, 1925. This bottle was apparently chemically unsuited 
for protozoan life. The protozoa, in the bottles receiving 3.5 per 
cent. and 5 per cent. fresh solids, appeared and disappeared sporadic- 
ally. The data indicate that they disappeared after each addition 
of lime. If the lime itself was not lethal, the sudden rise in reaction 
may have been the cause. The protozoa were probably unable to 
adjust themselves physiologically to the sudden rise in the pH value. 
This may be of interest in cases where acid or alkaline trade wastes 
are dumped into sewers. 

The figures in table 3 indicate the behavior of the protozoa after 
the addition of lime. 

TAaBLe 3 


Behavior of protozoa and numbers when lime 1s added 


| Protozoa | Protozoa 

Initial thousands | Lime Adjusted | thousands 

Date pH percubic | added pH | per cubic 

centimeter | gm. | | centimeter 
8/11/25 7.6 11.9 4.81 8.1 0 
8/21/25 7.4 2.0 2.30 8.1 0 
9/11/25 Tipe) 1.6 4.27 8.1 0 
10/2/25 7.6 2.0 2.60 8.2 0 
10/6/25 | fies 0.4 | 6.00 | 8.3 0 
10/30/25 7.6 14.6 4.00 8.3 0 


In the series kept at pH values of 8.8, lime was added to the ripe 
sludge when the experiment was started, in order to adjust the pH 
value as desired. The hydrogen-ion concentration remained con- 
stant without more additions of lime from July 27 to October 2, 1925. 
During this period the protozoa were numerous but fluctuated greatly 
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as shown in figure 12. The fluctuations in the bottles receiving 2 
per cent. fresh solids varied in numbers from zero to 53,000 per cubic 
centimeter. The bottle receiving 3.5 per cent. varied from zero 
protozoa to 330,000 per cubic centimeter, and the bottle having 5 per 
cent. of fresh solids added, varied between zero and 824,000 protozoa 
per cubic centimeter. It is of interest to refer to previous findings, in 
regard to protozoan numbers, when digestion is unsatisfactory. When 
tank contents are slightly below the neutral point protozoa increase 
rapidly. This same phenomenon occurred at this high pH value. 
Since most of these organisms live on intermediate decomposition 
products, the statements made under the chemical and bacteriological 
discussion regarding retardation of certain groups of bacteria are 
here emphasized because the protozoa increase when the bacteriologi- 
cal equilibrium is unbalanced. ‘The species of protozoa present were 
the same as found in the different series having lower pH values. 

In the latter part of the experiment lime was required every week 
in order to adjust the pH value to 8.8. At this time few or no 
protozoa were present. 

Some results of the present experiment which were true for all 
four series studied were : 1. The range of pH values between 7.0 
and 8.8 had no selective effect upon the kind of species of protozoa 
found; 2. The protozoa increased approximately in proportion to the 
amount of fresh solids added; 3. The addition of lime restricted the 
number of protozoa. 

The same species of protozoa were present in all the bottles of 
this experiment, 18 genera being enumerated. As indicated in table 
2 the flagellates were the most abundant. The dominant species were 
Trepmonas agilis, Tetranutus pyriformis, Cercomonas sp., Euglena 
gracilis, and several species of Bodo and Monas. Aside from these 
named, there were exceedingly minute flagellates which were left un- 
classified. The ciliates were far less numerous. The genera were 
Holophrya, Trimyema, Colpoda, Metopus, and Hexotricha. A few 
amoebae (mostly Hartmanella hyalina) and mastigamoebae were 
found. . 

The present experiment exhibits strikingly the relationship that 
exists between the number of protozoa and the amount of incoming 
fresh solids. ‘The figures in table 4 give a summary of the results for 
all the different series. 

TABLE 4 


Average number of protozoa present at different reactions and differ- 
ent percentages fresh solids additions 


FRESH SoLips ADDED 


REACTION | 2% 3.5% 5% 
pH 
V2 a0" yo 9.1 
7.6 2.8 6.5 Fit 
8.2 2.0 25 7.6 
8.8 2.9 29.5 54.1 


*Protozoa in thousands per cubic centimeter. 
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The protozoa increased with larger additions of fresh solids (wet 
basis) as is the case with the numbers of bacteria, but calculated per 
gram of dry solids the bacteria decrease with larger quantities of 
fresh solids whereas the protozoan numbers remain constant, except 
when large amounts of lime are added (bottles 11 and 12). In these 
two bottles the protozoa were four and five times more numerous. 

In general the bottles receiving 2 per cent. fresh solids daily had 
the largest quantities of ash at the end of the experiment. Bottle 4, 
adjusted to a pH value of 7.6 and receiving 2 per cent. fresh solids 
contained the highest percentage of ash, but the contents of this bottle 
as indicated both in figure 12 and table 2 contained few protozoa and 
no high fluctuations of protozoa. Bottle 9, having a fluctuating pro- 
tozoan fauna and receiving 5 per cent. of fresh solids had a low 
percentage of ash. ‘The protozoa in this bottle were killed after each 
addition of lime. ‘They appeared sporadically between the lime addi- 
tions. ‘The constant addition of lime reduced the protozoa to such 
an extent that the indicated average number during the experiment 


| TABLE 5 
Relation between protozoa and bacteria and ash content 
(Protozoa and bacteria per gram dry solids) 


Bottle. | Solids 
Number Additions | Reaction Protozoa Bacteria | Ash* 
Per cent. pH Thousands Millions | Percent. 

1 2.0 fe 1.8 15.3 | 40.0 

2 Sia pee Cae 11.6 40.3 

3 5.0 7.2 1.8 8.9 35.4 

4 2.0 7.6: 1.4 hs | 48.9 

5 aie | 7.6 1.8 ie Fi 40.8 

6 5.0 7.6 1.4 10.2 41.7 

7 2.0 8.2 1.0 39.9 | 37.9 

8 a5 8.2 0.7 16.1 40.0 

9 5.0 8.2 1.5 9.6 34.0 
10 2.0 8.8 1.5 11.0 45.5 
11 ae 8.8 8.4 I/pi 42.9 
2 5.0 8.8 10.8 9.6 42.0 


*Corrected for lime added. 


became very low. The high average numbers of protozoa in bottle 
12 (pH 8.8 with 5 per cent. fresh solids additions) are caused by the 
large fluctuations in numbers during the time that no lime was added. 
Bacterial activities in this bottle were apparently retarded (see bac- 
teriological discussion) during this period. 

Table 5 shows the relation between the average number of pro- 
tozoa and bacteria present and the percentage of ash at the end of 
the experiment. ‘The protozoa and bacteria are calculated per gram 
of dry solids. It will be noticed that protozoa were practically con- 
stant, except in bottle 12, whereas the bacteria fluctuated with the 
percentage of fresh solids additions. It seems, therefore, that the 
protozoa are not directly responsible for the increase or decrease in 
ash content. 

The present investigations confirm conclusions which have been 
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derived in previous experiments and data collected on operating Im- 
hoff tanks during four years; viz., that the number of protozoa and 
their amount of fluctuation are criteria which indicate whether diges- 
tion is proceeding favorably. Lackey (17) has pointed out that 
every time foaming occurs and a tank functions poorly the protozoa 
are present in enormous numbers. 

In the series pH 8.8 where digestion was retarded and in the pH 
8.2 series with undesirable digestion the protozoa were fluctuating 
irregularly in large numbers. The series pH 7.3 and 7.6, which were 
able to take care of the fresh solids additions, had no enormous num- 
bers nor great fluctuations of protozoa. 

Where the percentage of fresh solids was increased the propor- 
tionate increase of protozoa was greater than the proportionate in- 
crease of bacteria. The increase of protozoa consisted mostly of 
flagellates which were sapropelic in their mode of nutrition and ap- 
parently lived on substanees present in dissolved form, such as par- 
tially broken down organic material. It appears that where the bac- 
terial flora is such as to hasten decomposition, these partially de- 
composed substances do not accumulate and the protozoa do not find 
a favorable nutritive medium. ‘Therefore, where digestion proceeds 
rapidly as in properly functioning digestion tanks the protozoa do not 
ascend to hundred thousands per cubic centimeter. 


Discussion 


In a former annual report (17) it was pointed out that under 
certain conditions (absence of air) the solid organic materials were 
transformed to liquid organic materials, which were fairly stable and 
could be disposed of by ordinary drying. Only if similar “liquefac- 
tion” can be induced by a change of reaction can the discrepancies 
pointed out above, regarding the decrease of solids without a corre- 
sponding increase in ash at certain reactions, be explained. A com- 
parison of the curve for ash and solids content of the 2 per cent. 
solids addition at a pH value of 7.6 (fig. 6 and 7) shows that the 
ash content increased more nearly in ratio to the percentage solids 
decrease. The first part of the curves for material (2 and 3.5 per 
cent. additions) kept at pH values of 8.2 shows a rapid rise in ash 
content, whereas the solids remained constant, but the percentage ash 
dropped rapidly when the percentage solids increased. It would seem 
thus that during the first few weeks the sludge present was sufficient 
not only to take care of the fresh solids, but that mineralization took 
place. After this initial period the percentage ash decrease was 
nearly equal to the percentage solids increase. If the contention ex- 
pounded above is correct that there was retardation of certain groups 
of bacteria during the first 3 months in the bottles kept at pH values 
of 8.8 we should find but slight changes in ash content. The curves 
for this series show this actually to be the case. 

Returning now to the question “liquefaction” and “mineralization” 
or gasification at different reactions, we have indicated that at pH 
values of 7.2 the processes of digestion are mainly in the direction 
of liquefaction whereas at pH values of 7.6 “mineralization” becomes 


EXPERIMENT STATION REPORT 441 


more dominant. At pH 8.2 “mineralization” was first most pro- 
nounced. but was later equalized, so that “liquefaction” took place as 
rapidly or perhaps more rapidly than “mineralization”. The draw- 
back in the latter case was the great fluctuations during the course of 
digestion. Calculations on the percentage reductions of organic mat- 
ter and percentage ash increase for the whole period illustrate per- 
haps even more conclusively and directly these statements. The 
figures are given in table 6. In case no increase or decrease in the 
percentage reduction of organic matter were shown it would mean 


TABLE 6 


Percentage organic matter and ash increase or decrease 
at the end of the experiment 


Belew On sek | je a ee ee Sear 

SS ASK (a a aa ae ee or 35 FN 5 82% B55 Formos 
eA ee bs ee a2 ee OE OE Ga | 7.6 Pe 7G 
Organic matter at begin- | 

noe per: centssutie eee): 2.84 2.84 | 2.84 2.98 2.98 2.98 
Organic matter at end, per 

“sip ae A HA tn EAP OR PES 
Organic matter, increase or | | 

decrease; per centhii 2... |[—26.7  |—26.0 |—16.0 |—21.7 | —84 | —64 
Ash at beginning, per cent.| 42.9 42.9 42.9 41.3 41.3 | 41.3 
Ash* at end, per cent........... 40.0 40.3 35.4 48.9 40.8 | 41.7 
Ash* increase or decrease, 

CTE pad eaten —6.8 | —6.0 |—17.5 |415.5 | —1.0 | +0.7 
Bottle NO. copecenercnrvenniee| 7 =| 8 | 9 | 10 | Ut | 
BOOS LOGE fot k non sevonceac aes ee age le O90 5% 2G til 3.090 | doo 
HEL 0 ae, RY SIE lean hig Pal ee lies 8.2 Eee PR tea ie 
Organic matter at begin- | 

Mine ew per cent... 3.48 | 3.48 3.48 2.88 2.88 2.88 
Organic matter at end, per| | | 

CRETE Mates nal AAO ADS | 4.14 | 4.13 4.43 3413 SAG uhk3.85 
Organic matter, increase or | | 

decrease, per cent............. oO too. 7 ict 21.0 | 8.0 = [167 0 1) 25.2 
Ash at beginning, per cent.| 42.6 42.6 42.6 44.0 440 | 44.0 
Ash* at end, per cent........... | 37.9 40.0 34.0 45.5 42.9 42.0 


Ash* increase or decrease,| 
Berecenty. Haken oat ahd I—11.0 | —6.0 |—20.0 | +3.2 | —2.5 | —45 


—Jis decrease. 
+ is increase. 
* Figures corrected for lime additions. 


that all additions of fresh solids was taken care of by the original 
ripe sludge. With an increase in the percentage organic matter not 
all material was decomposed at the same rate as additions were made. 
A decrease in the percentage organic matter shows that the rate of 
decomposition was greater than the rate of additions of fresh solids. 
In table 6 all three of the pH 7.2 series show a decided decrease in 
the percentage organic matter over the original. However, the per- 
centage ash also decreased somewhat in numbers 1 and 2 and consid- 
erably in number 3, indicating that liquefaction was more rapid than 
mineralization. The rate of liquefaction was slightly lower in the pH 
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7.6 series, but mineralization, or percentage ash increase, was nearly 
equal to the percentage decrease in organic matter. Percentage 
reduction of organic matter in the pH 8.2 series was negative; there 
was an actual increase or accumulation in organic matter while the 
ash decreased. This does not mean that at a pH value of 8.2 lique- 
faction is greater than mineralization, but rather that liquefaction 
was delayed or retarded; the percentage increase in organic matter 
was nearly equal to the percentage decrease in ash. From all evi- 
dence presented thus far it seems clear that at pH values of 7.2 
liquefaction overbalances mineralization, whereas at pH 7.6 the reverse 
is true, provided not too much fresh solids are added daily to upset 
the biological equilibrium. 

“Mineralization” employed in the sense of producing stable min- 
eral end products is, as far as biological sewage decomposition is con- 
cerned, a misnomer. ‘The term has been used here only to designate 


processes producing ultimate end products which differ from “lique- - 


faction” or “septicization”. Mineralization included not only the pro- 
duction of comparatively stable end products like carbonate and 
“humus” but gases like CO,, CH,, and N,, as well. “Muneraliza- 
tion’, therefore, should be comparable to “gasification”? and in cases 
where the mineralization or gasification overbalances liquefaction, 
larger volumes of gases should be found. This is precisely the case. 
At different reactions gas production is different. Results on series 
of experiments kept at different reactions and different temperatures, 
show that gas production is directly related to the reaction of the 
material. Total gas production is not only different at different re- 
actions, but the composition changes also. 

It has been stated repeatedly that under ordinary conditions during 
the summer not more than 2 per cent. fresh solids daily should be 
added to a tank. What does this mean in required sludge capacity 
per capita? Calculations show that domestic sewage has a solids 
content of about 70 gm. (dry solids) per capita per day. There must 
be present 50 times this amount in the form of ripe sludge, or 3500 
em. (roughly 7.7 pounds of dry solids). Assuming that the sludge 
contains 95 per cent. moisture, the total weight of the sludge would 
be 145 pounds or a required volume of 2.34 cubic feet per capita. 
Ripe sludge, however, usually contains less than 95 per cent. moisture. 
If it contains 90 per cent. moisture 1.2 cubic feet per capita would 
be necessary. If 100 days are allowed for the digestion of incoming 
material, the total amount of per capita effective digestion space (with 
an average solids content of 5 per cent. 95 per cent. moisture) in the 
digestion chamber can under these circumstances be not less than 2.6 
to 2.7 cubic feet. It must be borne in mind that these calculations are 
based on the digestion capacity for material treated during the sum- 
mer. 

By controlling the reaction by additions of hydrated lime the 
amounts of fresh solids to be added can be increased from 2 to 3.5 
per cent. daily, or an increase of 75 per cent., and the required per 
capita sludge capacity in a tank would therefore be under such con- 
ditions about 1.4 to 1.5 cubic feet. 


Weare) 
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Summary 


The effect of lime on sludge digestion is pronounced, influencing 
the flora and fauna and consequently the chemical intermediate and 
end products. Lime also changes the physico-chemical relation in 
sewage solids so that the solids are differently distributed in the liquid 
phase with different amounts of lime or, better, with different reac- 
- tions. In general, lime additions up to a certain point stimulate the 
numbers of bacteria, but maximum numbers do not necessarily mean 
maximum digestion. With higher reactions (above pH 7.6) great 
fluctuations in bacterial numbers occur, indicating a condition of in- 
stability. At these higher reactions (pH 8.2 and 8.8) odors emanat- 
ing from the digesting material are stronger and more offensive. 
The numbers of protozoa decrease markedly when the reaction of 
the digesting material is changed from pH 7.2 to 7.6 and higher 
reactions cause rapidly alternating increases and decreases, but the 
variations of pH values between 7.2 and 8.8 have no limiting effect 
on the variety of species. 

“Liquefaction” overbalances “mineralization” (gasification) at 
pH 7.2, but the reverse is true at reactions of pH 7.6 and above. 
Most rapid and satisfactory digestion proceeds at pH values of 7.3 
to 7.8. 

If the reaction of incoming fresh solids is kept at pH 7.3 to 7.6, 
odors are practically absent. 

Daily additions of fresh solids kept at pH values of 7.3 to 7.6 
can be increased from 2 to 3.5 per cent. dry solids (on the basis of 
ripe sludge) and with careful manipulation possibly to 5 per cent., 
reducing the relation of ripe sludge necessary for efficient digestion 
from 50 to 1 of fresh solids daily, to 30 to 1, possibly to 20 to 1. 

Unadjusted but properly seeded material requires a per capita 
digestion space (in summer) of not less than 2.6 to 2.7 cubic feet. 
With reaction control (judicious application of hydrated lime) this 
per capita effective digestion capacity can be reduced under these 
conditions to 1.4 to 1.5 cubic feet. 


IMHOFF TANKS 
Introduction 


During the last 3 years extensive studies have been made on 
operating and resting Imhoff tanks. These studies were continued 
during the first few months of the fiscal year 1925-26, but were dis- 
continued in the fall of 1925. The main purpose of the investigations 
on Imhoff tank behavior during the summer of 1925 was to study: 
first, a comparison of two tanks, one of which had been treated with 
lime to adjust the reaction of the tank contents and, second, possible 
after effects of the alterations of a tank described in our fourth annual 
report (17). The latter part of this study will be reported only 
incidentally to the main problem, adjustment of reaction. During the 
period of October, 1925, to April, 1926, particular attention was paid 
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to a separate sludge digestion tank recently built. The results of 
this study are presented elsewhere in this report. Again during the 
spring of 1926 some attention was paid to the Imhoff tanks in an 
effort to control foaming by changing the reaction of the tanks. The 
latter work was of no great importance since the tanks part of the 
time were not running as regular Imhoff tanks, but sometimes partly 
as sedimentation and storage tanks and at other times as Imhoff 
tanks. | 

The methods of sampling and analyses and the nomenclature used 
here have been described in earlier reports (15, 16). 


Results 


In order to gain some understanding of the behavior of tanks 
under different conditions the circumstances of operation must be 
known. As long as tanks are operated for any length of time under 
certain conditions it is comparatively simple to draw some general 
conclusions, but when the operation must of necessity be modified at 
fairly frequent intervals to meet demands of increased load the dif- 
ficulties become increasingly greater for the interpretation of ac- 
cumulated data and the drawing of definite conclusions. 

The superintendent, Mr. John R. Downes, of the Plainfield Joint 
Sewage Works, has experienced unusual difficulties during the last 
year on account of considerable increase in solids to be handled. 
Eddy (6) reports for Plainfield an average amount of solids of 173 
p.p.m.?. The plant was designed for 4,000,000 gallons per day dry 
weather flow at a time when the water was not metered in the different 
towns tributary to the plant. In spite of the fact that the average 
flow was but 3.2 million gallons daily during 1925 the amounts of 
solids increased to an average of 216 p.p.m. or 5763 gallons (95 per 
cent. moisture) daily. The average amount of solids after May 1 
was 220 p.p.m. with a far greater removal than previously. Sub- 
sequent to May 1 the settling tank was cleaner because of the removal 
of sludge in the spring and also because of the removal of some of 
the solids to the separate sludge digestion tank. The large increase 
in retained solids was due to a change in manipulation of the tanks 
as an effort by the superintendent to produce a greatly improved 
effluent. 

From the above brief discussion it can be seen that with a change 
in manipulation, conditions at a plant can be considerably aggravated 
or lessened according to the desire or conscientiousness of the op- 
erator. A plant, designed for a specific number of gallons of sewage 
per day, might with a conscientious operator, prove entirely inade- 
quate if no special means were employed to take care of the increased 
amounts of retained solids; with a careless operator on the other 
hand, such a plant might be quite adequate, because a large per- 
centage of the solids received pass through the sedimentation chamber 
and are never treated. If, in addition to a greater removal the total 


‘We are indebted to Mr. Downes for the statement of solids collected in 
the settling compartments of the tanks during 1925, presented in table 7. 
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incoming per capita suspended solids increase, still more troubles are 
in store. Under such conditions it is extremely interesting to com- 
pare experimental results obtained during different years and with 
different treatments of individual tanks. 


TANK 3 


Chemical 


On June 11, 1925, pumping of partially digested material into a 

round separate sludge digestion tank was started and continued to 
July 2. The tank was kept in operation until July 20, rested for a 
few days, again put into operation for 5 days, and thereafter rested 
until the end of the experiment on October 15. 
Our experiments were begun on July 29 shortly after the removal 
of partly digested material was stopped. For 18 days the tank was 
kept in operation and rested thereafter. It is clear, therefore, that 
for only a short time during the entire length of the experiments, 
was this tank running as an Imhoff tank and that during August, 
September, and October it was functioning as a digestion tank without 
additions of fresh solids. All analyses reported were made on the 
liquid portions between scum and sludge in the digestion compart- 
ment. Figure 13 shows that the hydrogen-ion concentration of the 
tank contents dropped somewhat during operation, increased slightly 
during the first resting period, dropped again during the second short 
period of operation and hovered thereafter around 7.2. The curve 
for total acidity shows the greatest fluctuations during the periods 
of alternate resting and operation. Total alkalinity was very low; 
it increased gradually but remained at a constant low level. Am- 
monia remained very low during operation and increased gradually 
with the oscillations always noted during the course of digestion and 
apparently indicating the breaking down of protein compounds fol- 
lowed by their utilization by microorganisms. A comparison of this 
curve (fig. 13) with the curves for protozoa (fig. 15) and bacteria 
(fig. 14) gives evidence of this. 

The solids content of the supernatent liquid was high during the 
period of operation, dropped at once when the tank was shut off, and 
decreased gradually to about 0.15 per cent. toward the end of the 
experiment. The percentage ash of the solids in the liquid increased 
from an average of about 37 per cent. during operation in July to 
an average of 56 per cent. in October. The ash content of incoming 
fresh solids at Plainfield fluctuated between 22 and 24 per cent. when 
this tank was in operation. It seems clear therefore that the solids 
in the supernatent liquid at the beginning of the experiment were not 
only suspended solids brought in by the flow and kept in suspension, 
but that part of them were brought up from the underlying sludge. 
As a detailed discussion of the movement of solids in the tanks was 
given in our third annual report (16), it will suffice to state that the 
opinion was expressed that the solid particles in the liquid are in 
constant motion or in a state of dynamic equilibrium. The action 
of the microscopic organisms on these particles caused them to 
disintegrate, liquefy or mineralize, and after partly settling out, to 
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Fig. 13. Chemical Analyses of Tank 3 (Shaded Portions Indicate Tank in 
Operation) 
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be more and more mineralized. The result was that near the end of 
the experiment the total solids decreased and the ash content of the 
material in suspension increased by nearly 20 per cent. 

Gas production, measured by suspending in the digestion com- 
partment a large cone of known dimensions attached to a gas meter, 
was greatest during the periods of operation, except toward the end 
of the experiment when gas production increased again considerably. 
The composition of the gases remained fairly constant during the 
first periods of operating and resting of the tank, but changed mate- 
rially during the second part of the long resting period. The carbon 
dioxide content of the gas dropped continuously from about 27.5 per 
cent. to less than 16 per cent. while the tank was resting. During the 
first periods of the experiment the methane fluctuated between 65 
and 70 per cent., dropped to 56 per cent. during the first part of the 
long resting period, but rose with fluctuations to 76.5 per cent. toward 
the end. After reaching this high point, methane production sud- 
denly decreased in spite of the fact that the CO, content decreased. 
At that time the nitrogen content rose suddenly from 4.9 to 28.8 per 
cent. No oxygen was present. The curves for gas production and 
gas composition obtained in our fresh solids digestion experiments 
(16, 17) are very similar to those presented for this tank. It has 
been found from a number of laboratory experiments that CO, pro- 
duction is high at the beginning and decreases gradually toward the 
end of the experiment. On the other hand, methane production is 
always low at the beginning and high at the end. It was found also 
that the nitrogen gas content, obtained by difference, .in the labora- 
tory experiments fluctuated considerably with the appearance of 
definite cycles. This is also true for the tank experiment. During 
the first stage of decomposition, CH, and CO, productions have a 
relation of about 70 to 30 respectively; during the second stage, a 
relation of about 60 to 25 with increasing amounts of nitrogen gas; 
and during the third stage, a relation of about 70 to 75 per cent. CH, 
and 15 to 20 per cent. CO,. As proof for the assumption that there 
are different groups of organisms acting in succession, the nitrogen- 
volatile matter ratios were plotted in a former report (17, p= 59). 
It was shown that in the course of digestion the relative amounts of 
nitrogen in the volatile matter decreased and. increased in cycles. 
From the nitrogen gas curves in figure 13 it will be seen that the 
nitrogen content of the gases produced fluctuated in a similar fashion, 


Bacteriological 


The method of study was the same as described in previous reports 
(15, 16, 17). The samples were brought into the laboratory, differ- 
ent dilutions made, and l-cc. portions of these dilutions transferred 
into various media. The cultures were all incubated at 20 to 23° C., 
the plates and lactose tubes for a week and the other media for 4 
weeks. 

The results for tank 3 are shown graphically in figure 14. The 
total numbers of bacteria fell from 110 millions per cubic centimeter at 
the beginning of the study to 30 millions within 2 days, followed by 
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Fig. 14. Plate Counts and Groups of Organisms in Tank 3 
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an increase to the original high level, until July 20, when the numbers 
were back once more at a low level. That these high numbers of 
bacteria were due to the operation of the tank is evident, because 
as soon as the tank was put out of operation the numbers fell and 
remained at a low level and rose only temporarily when the tank was 
put into operation for a short while at the end of July. Sludge drawn 
twice during this first period of operation has also its effect in reduc- 
ing the numbers of organisms, as has been observed before. How- 
ever, the large numbers of bacteria during the operation of the tank 
are not due to foaming, for if such were the case increase in the per 
cent. solids should slightly precede or coincide with the increase in the 
numbers of bacteria. As can be seen from the curves, the per cent. 
solids reached a peak only after the numbers of bacteria showed a 
decline. That the large numbers of bacteria are not due to foaming 
is further borne out by the fact that there is a similar increase in the 
numbers of bacteria as pointed out above on the basis of per gram 
solids. Thus operation of a tank increases not only the actual num- 
bers of bacteria proportional to the increase in solids in suspension in 
the liquid, but increases them in excess of this relationship. As a 
matter of fact the numbers of bacteria per gram of solids show a 
decrease while the per cent. solids are increasing. This demonstrates 
clearly that foaming is the result of bacterial action and not of the 
distribution of solids. Then what causes this increased bacterial 
activity during operation? It naturally must be due to increased food 
supply. If this food supply is in excess (beyond a definite ratio of 
ripe sludge and fresh solids) the activities are’stimulated to such an 
extent that foaming takes place with consequent increase in the 
percentage (distribution) of solids in the liquid above the sludge. 

In spite of the fact that there are considerable fluctuations in the 
numbers of the different groups of organisms, some general relation- 
ship can be noted. The numbers of albumen digesters, H,S pro- 
ducers, NO, reducers, and lactose fermenters were as a rule high 
when the tank was in operation, with a tendency to decrease when the 
tank was out of operation. However, there was a decided increase 
in albumen digesters after the middle of August, and in H,S pro- 
ducers after the end of August, in spite of the fact that the tank was 
still resting during this period. It is interesting to note that the rise 
in albumen digesting organisms preceded that of H,S producers. 
This is natural, since the first group comprises organisms capable 
of attacking more complex proteins than the second group. The 
increase in these two groups during the last two months of study 
while the tank was resting, is indicative of normal digestion as is 
borne out by the curves for ammonia and methane. Coincident with 
the increase in these two groups, ammonia and methane begin to 
show decided increases. This indicates that after a tank is put to 
rest the different groups of organisms are undergoing some kind of 
a readjustment and regrouping among themselves and there is a 
period of time before the normal grouping is established and func- 
tioning properly. It further seems possible that the organisms giving 
positive tests in the different media are not the same in the last period 
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as they are in the first. This is easy to see in view of the fact that 
many organisms of widely different groups are capable of growing 
and of bringing about these cuanges in tne above media. Hence it 
can be assumed that in an operating tank where the relation of the 
incoming solids to ripe sludge is correct there will be a definite rela- 
tionship between the flora responsible for digestion and the incoming 
flora which, although giving high counts as indicated by the above 
media, is ineffective if not inimical to normal digestion. 


Zoological 


The census of the protozoan fauna showed a decrease of more 
than 50 per cent. of the numbers after the sewage was diverted 
through tank 1 for preliminary sedimentation. When the total in- 
coming solids decrease, the numbers of protozoa decrease also. 

The tank was operating during July, and resting during August, 
September, and October. While the tank was operating the protozoa 
were five to ten times more abundant than during the period of rest- 
ing in August and September (fig. 15). A high peak in flagellate 
numbers occurred during the middle of July when the tank was foam- 
ing. The zoological data obtained confirm previous observations 
made by Lackey (10, 17) that if the resting period of a tank is pro- 
longed, the protozoa fall to a low level and remain there until the 
tank is again placed in operation. 

During the resting of tank 3 the ciliates fell away and disappeared 
almost entirely. The ciliates which were present before the tank was 
allowed to rest were Colpoda, Prorodon, Holophrya, Trimyema, M eto- 
pus, and Cychdium. Their total numbers never exceeded 4000 per 
cubic centimeter. A few amoebae, mostly Hartmanella hyalina, 
never rose above 400 per cubic centimeter in the counts. The flagellates 
were predominantly Bodo, Tetramitus, Hexamitus, Cercobodo, Monas 
and Trepomonas. Oicomonas, Cercomonas, Euglena, and Notoso- 
lenus were present in fewer numbers. 

When the tank was not operating the active genera present became 
select. Euglena and Chlamydomonas seemed to thrive best in the 
resting tank. The chlorophyll bearing Euglena and the colorless 
type were present. The chlorophyll bearing organisms were abun- 
dant only near the surface. 

TANK 5 


Chemical 


Tank 5 as described in a previous report had been emptied, altered 
and put into operation anew (with a certain amount of ripe sludge 
for seeding purposes) in April, 1924. As the tank was unable to 
take care of the incoming fresh solids during the first 5 months of 
operation, almost continuous foaming resulted. During practically 
the entire following winter this tank foamed continuously and was 
watched with a good deal of interest during the summer of 1925. 
Although fresh solids were added at a lower rate, because of the 
operation of tank 1 as a preliminary settling tank from which the 
fresh solids were pumped to a separate sludge digestion tank, this 
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tank was foaming so badly during June that the flow chamber was 
covered with a thick foam and the tank had to be put out of opera- 
tion. It was clear that our conclusion drawn last year regarding the 
incorrect relations of fresh solids and ripe sludge (17) was correct, 
and the tank was unable to cope with the fresh material in spite of 
the alteration. The supposition that possibly the effect of the altera- 
tion would be felt after more than one year’s service could not find 
support. An attempt made to put the tank in operation again after 
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Fig. 15. Comparison of Protozoa in Tanks 3, 4, and 5 


3 weeks’ resting resulted in heavy foaming inside of one week and 
the tank was rested until the end of October. 

The pH values obtained during the period of the experiment show 
that conditions in the tank were unbalanced. ‘The fact that after 6 
weeks’ resting the contents of the tank were changing from 7.3 to the 
neutral point indicated that it was still on or near the “danger line.” 
The total alkalinity as shown in figure 16, although comparatively 
low, dropped suddenly from about 1000 p.p.m to 375 p.p.m when the 
tank was put in operation. After some time of resting the total 
alkalinity increased, but remained at a low level for the whole period. 
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Ammonia-nitrogen increased from about 100 p.p.m to about 400 
p.p-m during the first resting period and decreased to about 280 p.p.m. 
during operation. During the second resting period the ammonia 
production increased considerably, which is correlated with the 
changes in the bacteriological flora. This percentage of solids and 
ash in the liquid was, after the tank was allowed to rest, substantially 
the same as for tank 3. 

Methane and CO, production, as shown in figure 16, fluctuated 
considerably. In general methane production again followed the 
same course as mentioned in the discussion under tank 3. The per- 
centage of methane was never higher than 72, and this occurred 
during the first few days of operation after a prolonged resting 
period. The same happened again at the end of the experiment after 
a long period of rest. It has been pointed out before that this com- 
paratively large methane production coincides with the decomposition 
of more or less resistant carbohydrates. If a tank has been resting 
for some time these carbohydrates are attacked, giving rise to methane 
and if then after resting the tank is put into operation so that methane 
production is enhanced from the soluble sugars and starches, the 
total production and percentage in the gas of methane appear to 
increase considerably over ordinary production from continuous run- 
ning tanks. If tanks are operated on a basis of sufficient ripe sludge 
to incoming fresh solids the percentage of methane should remain 
fairly uniform at a comparatively high level. In previous reports it 
has been shown that a high percentage CO, production—with often 
subsequent low methane production—is usually associated with trou- 
bles. The reasons indicated in earlier reports are considered more 
fully in the general discussion. 


Bacteriological 


Tank 5 is similar to tank 3 in broad outline (fig. 17). At the 
start the tank was put to rest on account of foaming, and the num- 
bers of bacteria decreased, whereas the per cent. solids showed an 
inverse relationship, bearing out the conclusion reached in the dis- 
cussion of tank 3. When the tank was put into operation again on 
July 20 the numbers of bacteria per cubic centimeter showed some 
increase, while the bacteria on the basis of dry material showed a 
very decided increase, followed by a drop. Another peak occurred 
when the tank had been resting for some time, followed by a de- 
crease; and toward the end the numbers of bacteria per gram of dry 
material showed another increase. The tendency with the groups of 
organisms is the same as above. During the comparatively short 
periods of rest there was a decrease in the numbers of groups of 
organisms studied, followed by a sharp increase on resumption of 
operation. On prolonged resting, however, these groups decreased 
decidedly and after remaining for a period at this low level, the 
duration of the period being different with different groups, there 
was another increase. The phenomenon as well as the explanation of 
it is the same as the one offered in the discttssion for tank 3. In 
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comparing these two tanks one is struck with the similarity of curves 
in each case. In both cases while the tanks were resting the albumen 
digesters came to a low level, followed by a sudden rise, whereas the 
H,S producers remained in the low level for over a month before 
the final rise. The lactose fermenters also came to a very low level 
two weeks after the tank was put to rest, and from there on indicated . 
quite regular fluctuations. It is possible that the lactose fermenters 
during the periods of operation and rest are not the same, the high 
numbers of these organisms in the previous case being due to intes- 
tinal organisms which are reduced in number when the tank is resting 
and are followed at the end by a different type of lactose fermenters 
which are carrying on the digestion. As in tank 3, correlative with 
these changes in the flora from the operating to the resting tanks, 
there is the change in the composition of the gas. Methane increases 
at the beginning and drops after the tank is put out of operation to 
increase again toward the end in a similar way as do the groups of 
bacteria mentioned above. This is accompanied with increasing 
amounts of ammonia-nitrogen. 


Zoological 


A comparison of the fauna of tank 4 with that present during the 
time of the experiment in tank 3 shows (fig. 15) a striking simi- 
larity during resting and operation. When the solids in suspension 
decreased protozoa decreased also. However, after a prolonged 
period of resting, protozoa increased again somewhat in tank 3, but 
not so pronouncedly in tank 5. The rise in numbers was due to an 
organism which apparently under certain conditions multiplies rapidly 
and finds the tanks a convenient habitat. This organism, Euglena, 
thrives better in a resting than in an operating tank. During the 
operation period practically no Euglena occurred, but the longer the 
tank was resting the higher the numbers of this protozoan rose. In 
a former report (16) a curve was presented on the relation between 
pH values and “total” animals in seeded fresh solids. Shortly after 
incubation the protozoa decreased considerably, but rose very high 
around the neutral point, followed by a decrease and again followed 
by a marked increase in numbers toward the end of digestion. From 
studies on fresh solids digestion (17) it has been concluded by us 
that there are mainly three kinds of materials attacked in succession ; 
namely, soluble carbohydrates, protein materials, and more resistant 
carbohydrates. In the second period comparatively large quantities 
of amino acids were found. ‘This second period reaches its peak 
around the neutral point, when amines increase. It must be borne 
in mind that at this time the more resistant carbohydrates are being 
attacked as well, but possibly not intensively or on a large scale. 

It is well known that the chlorophyll bearing protozoa, Euglena, 
can live more or less perfectly as a saprozoic organism, especially 
when the organism loses its color. The loss of color of the animals 
in Imhoff tanks and in fresh solids digestion has been demonstrated 
several times in our laboratory. Calkins (2) states that it was long 
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ago suggested hypothetically, and later verified experimentally, that 
organic matters are taken into flagellates (Euglena) from the sur- 
rounding medium. Zumstein (21) endeavored to find out whether 
such organic matter consists of carbon compounds or of nitrogen and 
ammonia compounds, and found that in a bacteria-free medium, pep- 
tone with the addition of some carbohydrates gave the best results. 
Ternatz (20), confirming Zumstein’s main results, found that the 
best sources of nitrogen were some amino acids, whereas ammonia 
compounds were generally detrimental. Calkins concludes that it 
appears probable that saprozoic forms of protozoa get their main 
nourishment from amino-acids derived from the disintegration of 
animal and plant matter (through the agency of bacteria) and from 
carbohydrates in solution. It will be noticed from our curves, both 
for tanks 3 and 5, that protozoa fluctuated considerably with the 
fluctuation of ammonia production. The number of protozoa, espe- 
cially in tank 3, was high after the tank had been resting for about 
6 weeks, at which time it might be expected that the protein materials 
were broken down and comparatively large quantities of amino-acids 
were present. 


TANK 4 
Chemical 


The main object of the study on tank 4 was to determine the effect 
of lime in an operating tank on the digestion process, as a large scale 
check on our laboratory results. This tank had been foaming to such 
an extent that the scum was flowing over into the flowing-through 
channels. The reaction of the tank contents was pH 6.6 on July 13. 
The amount of lime necessary to change the hydrogen-ion concentra- 
tion of the tank contents from 6.6 to 7.4 was calculated and added 
to the digestion chamber by pumping liquid from one digestion com- 
partment to the other. ‘The lime, added to the stream of liquid 
material with a dry feed constructed by the plant operator, insured 
good mixing in this simple manner. After the addition of the lime 
the tank was rested for a few days, put into operation for a few 
days, sludge drawn and kept thereafter in continuous operation. 


The chemical results are graphically shown in figure 18. The 
pH value was maintained at 7.3 for a month and thereafter at 7.2. 
The total alkalinity dropped materially on account of sludge drawing, 
but rose again to a level of about 1350 p.p.m. As was stated above, 
all analyses were made on the liquid between scum and sludge in the 
digestion compartments. The samples were taken from the level of 
about 7 feet in the middle compartment. After the addition of the 
lime, ammonia production decreased from 350 to 150 p.p.m., but rose 
rapidly again to 400 p.p.m. During the first 6 weeks of the long 
operation period, the ammonia-nitrogen fluctuated between 350 and 
450 p.p.m. and rose very sharply to 650 p.p.m., followed again by a 
slower decrease back to about 490 p.p.m. The solids in the liquid 
remained fairly constant, usually less than 0.5 per cent., indicating 
that sludge movement, as it occurred in the operating periods in tanks 
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3 and 5, was not taking place. From the beginning of the experiment 
the tank was watched for scum formation. As pointed out above, 
the tank was foaming and a scum layer of several feet was present 
at the time lime was added. Two hours after the addition of the 
lime, 2 inches of scum was measured, two days later % inch, and 3 
days later 4 inch was still present. After this date no scum was 
found in the tank until the end of the experiment. Nothing was 


July August September October 
Fig. 18. Chemical Analyses of Tank 4 (Shaded Portions Indicate Operation 
of Tank) 


done to this tank until the spring of 1926, when the tank had accu- 
mulated 114 feet of scum and the pH was 7.0. Shortly after this the 
scum began to rise and foaming resulted. 


Bacteriological 


After the tank contents were adjusted to 7.4 and a short period 
of rest the tank was put into operation with subsequent increase in 
the numbers of bacteria both on the wet and dry solids basis (fig. 
19.) The numbers of bacteria decreased when the tank was put to 
rest again for a short while. After August 4 the tank was operated 
continuously in contrast with tanks 3 and 5, which were resting. In 
spite of the continuous operation, the numbers of bacteria were not 
excessively high, as ordinarily. would be the case in an operating tank. 
They maintained a fairly high and uniform average, which would 
tend to show a balanced condition in spite of the constant operation. 
The different groups also soon recovered and maintained a high level 
after the initial decline due to resting had passed. This is especially 
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true of the albumen digesters and the H,S producers. The period of 
rest was short and soon after the tank was operating they showed an 
increase, followed by a sharp fall, first in the albumen digesters and 
later in the H,S producers. The increase after this drop was imme- 
diate in both cases, H,S producers following the albumen digesters 
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closely. Similarly the lactose fermenters (in spite of the constant 
operation) maintained a remarkably uniform and fairly low level, 
indicating that digestion was proceeding normally. 

All the data seem to indicate that in spite of 2% months’ constant 
operation this limed tank was at least as good bacteriologically as the 
other tanks that were resting. This is indicated by the fact that the 
total numbers did not show any excessive figures or rapid fluctuations. 
Moreover, the different groups became established at least as quickly 
and maintained as high and uniform a level as the resting tanks. 


Zoological 


Routine enumeration of the animal population was begun July 13, 
and as figure 15 indicates, there was a sudden rise in the number of 
flagellates immediately after operation began. After August 1, the 
protozoa in tank 4 remained less than 15,000 per cubic centimeter, 
although it was operating continually. In contrast, the numbers 
were materially higher in tanks 3 and 5 when they were operating. 
The effect of lime and reaction on the protozoa is discussed more in 
detail in another part of this report. ‘The genera of flagellates pres- 
ent were Bodo, Thepomonas, Tetramitus, Euglena, Hexamitus, Cerco- 
bodo, Monas, and other flagellates. The ciliates found were Colpoda, 
Holophrya, Cychdium, Colpidium, Metopus, and Hexotricha. Sapro- 
dinium was absent during the summer, but appeared in October. 


Discussion 

A comparison of the results obtained on these three tanks brings 
out one point very definitely ; namely, the effect of the reaction of the 
medium on the behavior of the tanks. The untreated tanks, regard- 
less of the fact that one was rebuilt for overcoming difficulties, had to 
be shut down after a short period of operation on account of foaming, 
whereas the treated tank, which had been foaming previous to liming, 
was able to run for several months without showing this particular 
difficulty. 

The additions of lime to a foaming tank resulted in its correction 
for several months. Corrections made occasionally are important, 
but it is far better to have a plant under constant (scientific) control. 
The production of acids and acid materials in the course of digestion 
increases with time, and results in retardation of activities of groups 
of organisms responsible for more complete decomposition. The 
object of control of a plant is not so much to correct difficulties as to 
forestall these difficulties. Prevention of difficulties will prove to be 
simpler and less costly, as pointed out elsewhere in this report. 

A daily comparison of the percentage of solids and of the proto- 
zoan numbers from tanks 3, 4, and 5 appears to reveal a direct rela- 
tionship between the amounts of solids present in the liquid and the 
numbers of protozoa. Tabulation of data indicates the rise in num- 
bers of protozoa per cubic centimeter when the per cent. of solids is 
greatest. 

On the other hand, although the numbers of bacteria in general 
was increased with the increase in per cent. solids and decreased with 
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a decrease in solids, the peak of bacterial numbers was reached several 
days before the solids reached their maximum distribution. A few 
results, plotted in figure 20, bring this out more clearly. Calcu- 
lating the numbers of protozoa per gram of dry material, shows that 
with the increase of solids protozoa increased in direct proportion, but 
decreased more rapidly with a decrease in solids. Since the bacteria 
reached a peak before the peak of solids, it is clear that the protozoa 
were not directly related to the bacteria. Moreover, these protozoa 
were all sapropelic small flagellates and not bacterial feeders. From 
July 2 to July 6 the solid concentration increased in the liquid, on 
July 9 partly decomposed material (mostly scum) was pumped out 
of the tank, causing an additional increase in the percentage of solids 
in the liquid. It has been demonstrated by Lackey (10) with a num- 
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Fig. 20. Comparison of Bacteria and Protozoa on Basis of Dry Solids 


ber of experiments that flagellates are never as abundant in the scum 
or sludge as in the liquid. ‘The distribution of solids as such, there- 
fore, could not cause the rapid increase of the protozoa. It seems 
then that the materials on which these animals were living were solu- 
ble intermediate decomposition products from bacterial action in scum 
or sludge which were distributed with the solids. The fact that the 
protozoa died off more rapidly than the solids settled out is additional 
evidence. It has been pointed out before that numbers of protozoa 
are a good index of disturbance in a tank. Assuming that these 
flagellates live on certain intermediate decomposition products and a 
distribution of these products causes a proportional increase in ani- 
mals, the question is: What are these products? Examination of the 
chemical data shows that during the period under discussion ammo- 
nia-nitrogen was low and practically constant with a rise of solids, 
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but increased rapidly with the drop in solids. This corresponds to 
the rise and fall in the numbers of protozoa. On the other hand, 
CO, and CH, production was high with the increase in solids and 
lower with the decrease. The measurement of the end products is 
not a direct evidence of the materials available for these organisms, 
but indirectly it would seem that intermediate carbohydrate decompo- 
tion products were especially responsible for the increase in protozoa. 
These products are of course produced by bacterial action, and the 
fact that protozoa as a rule follow the bacteria (15, 16, 17) would 
seem to make them dependent not only on the numbers, but also on 
the kind of bacteria present. Disturbances, like foaming in the tanks, 
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Fig. 21. Rate of Gas Production and Methane Content in Tank 3 (Shaded 
Portion Indicates Operation of Tank) 


are ordinarily indicated by acidity pf the liquid and by high numbers 
of protozoa. The acidity is caused mainly by carbohydrates decom- 
position. If a tank is not digesting well, or in other words, if these 
carbohydrate decomposition products are accumulating, acidity in- 
creases, and subsequently the numbers of protozoa living on these 
accumulated product increases, provided the accumulation is not too 
great. 

Gas production changed considerably during the operating and 
resting periods. Figure 21 shows the rate of gas production from 
tank 3. The gas was measured with an ordinary meter attached to 
an iron funnel with its wide opening submerged in the digestion 
compartment. The flow is given, for comparative purposes, in cubic 
feet of gas per square foot of tank area in 2 hours. About two 
weeks before the tank had to be rested on account of foaming, the 
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rate of gas production was greatest. The methane content was about 
70 per cent. and although gas production remained at a high level 
when foaming was in progress, the percentage of methane dropped. 
As soon as the tank started to rest, gas production increased with an 
increase in methane content, but the latter decreased gradually with 
the time of resting to about 56 per cent., while gas production became 
‘very low. A discussion about gas production in the course of diges- 
tion will be found elsewhere in this report (see p. 463). Compare 
also the laboratory findings already published (15, 16, 17). 


Summary 


The solids retained in the tanks increased greatly, because of an 
effort of the operator to improve the character of the effluent. Asa 
consequence, a larger quantity of sludge had to be handled and con- 
ditions were opportune for study. 

A comparison of two Imhoff tanks, one treated with lime to adjust 
the reaction of its contents, and the other untreated, showed that the 
treated tank gave no sign of foaming ‘and was free from scum for 
several months in spite of the fact that it was continuously operating, 
whereas the untreated tank had to rest and could not be put into 
operation for a long time on account of heavy foaming. 

Gas production and composition change with the operation or 
resting of a tank. During the first few days of operation after a 
prolonged resting period, methane production is highest. 

Protozoa increased in direct proportion to the percentage solids 
increase, but bacterial numbers reached its peak before the percentage 
solids was highest. 

TABLE 7 


Statement of solids collected in Settling Compartment of tanks at 
Plainfield Jot Sewage Works 


| | Volume 
Month Flow Solids Solids Solids (5% 
| Influent | Effluent | Retained | Retained | Solids) 


Pees | p.p.m. | ppm. | p.p.m. | pounds |cubic feet 
Dees, 1924.4 Leet Out 225 137 88 2177 698 
Tati fieie 2 0etenvieeas | Noanalysis | 
Reb 102s ar as oy 17 114 60 1851 592 
Mate eo oe oD 207 119 88 2568 822 
Apr. Tog5 ire 3:1 6 0 143 71 1834 | 508 
May, 1925............. 3.0 254 | 106 148 3702 1184 
Janes 1925aciext 3.2 232 63 169 4503 1440 
Vile AD Zoe esta fe P| 227, 82 145 3745 1198 
Alig. LOZ De cose, 3.1 251 62 189* 4887 1564 
Spiny, Pozo wae 2.9 189 59 130* 3144 1006 
Oet:, VWO2Zs air. AS 231 45 166* 4808 1537 
Nov.3 1925122 ee a 186 63 123* 3202 1024 
Dec, 1925352 | aT ne TS) 64 125* | ~ 3253 1047 
Average’ ........: ae O.2 216 88 125 3225 1052 
Average | | | 

after May 1 3.1 ZN 3 68 152 3877 1241 


* Double settling total 57 minutes August to December inclusive (by tests). 
+ Million gallons daily. 
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Separate Sludge Digestion Tank Experiments 
Introduction 


After considerable experimentation in the laboratory and in the 
field, the superintendent of the Plainfield plant built a square earthen 
separate sludge digestion tank with a capacity of about 25,000 cubic 
feet and with a floating wooden cover. The cover’ was placed in 
such a way that it fitted rather closely to the walls, the object being 
to keep the scum formed submerged, to insure better anaerobic diges- 
tion and to prevent gases and odors from escaping. This tank was 
preliminary in character and after considerable data on the digestion 
of the sludge were obtained, he made plans for two additional, 16- 
sided concrete tanks, which are under construction at this writing. 

Previous to August 20, 1925, an amount of 5,500 cubic feet ripe 
sludge was pumped into the tank and with an addition of 3,200 cubic 
feet fresh solids on August 22, the tank was started. Fresh solids 
were added every 2 or 3 days up to October 16 and our experiments 
were begun at the latter date. The fresh solids were pumped from 
an Imhoff tank used as a preliminary settling tank. Up to October 
16 the total amount of fresh solids added was 63,900 cubic feet, 
making a total of 69,400 cubic feet. During this time of operation 
(2 months) 29,600 cubic feet was taken out. At the beginning of 
our experiment the tank contained 15,000 cubic feet of material. The 
fresh solids pumped in were adjusted with hydrated lime to a pH 
value of 7.3. During the period of the experiment (6 months) the 
following chemical analyses and determinations were made: Amount 
Bisgrc produced, composition of gas (CO,,-O.,, CH,, H., N.), pH 
values, total acidity, total alkalinity, ammonia-nitrogen, solids and ash. 
Bacteriological determinations included total numbers and different 
groups. Zoological determinations were made on numbers and kinds. 
An automatic record was made of the temperature in the tank about 
6 feet from the top. 

Analyses made on the first day of the experiment gave the follow- 
ing results: 


Liquid Sludge Gas 
eee 7.2 7.15 CO2z 33.2% 
BGA SI poke epee ake 68 p.p.m. 80 p.p.m. O2 0.1% 
PUM INIEY 2p exact 1370 p.p.m. 1380 p.p.m. H2 0.0% 
PVAMEMOM Ieee lish 5, 500 p.p.m. 300 p.p.m. CH: 49.0% 
Beoligic: (cache ele whe. 7.79% 7.79% Nz 17.7% 
TOES 9 SE eae 36.6% 37.7% Total 2200 cu. ft. 
Peaevetiat ee es: 56 millions* 46 millions* per day 
[Ee Tei oS Zor ea ie ee 152,000* 8,700* 
‘Temperature.............. 68° F., OS nl: 
* Per cubic centimeter. 
Results 
Chemical 


As has been mentioned above, the laboratory determinations were 
started after the tank had been in operation for 60 days. During two 
months the tank had a chance to come to a certain equilibrium, and 
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the experiments were therefore startéd at a time when possible initial 
difficulties in operation were adjusted and corrected, although the 
time of the year was least fitted for maximum results. The chemical 
data obtained both for liquid and sludge are graphically presented in 
figures 22 and 23. A comparison of these two figures shows that the 
general fluctuations are practically identical. The reason why these 


Fig. 22. Acidity, pH, Alkalinity, Ammonia, Solids, and Ash in the Liquid of 
the Separate Sludge Digestion Tank (Short Lines at Bottom Indicate 
When Solids Were Added) 


duplicate determinations were made and here presented was to check 


up results obtained in the laboratory and on Imhoff tanks where the 
liquid gave a true indication of the activities in the bottles and tanks. 
As could be expected, the same held true for the separate sludge 
digestion tank. For future studies it will therefore be immaterial 
which phase of the tank contents—liquid or sludge—is studied; as 
long as the determinations are made on the same layer throughout, 
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the experiment will be compatable. In one case it may be easier and 
simpler to take samples from the liquid layer and in another to draw 
some sludge. If in the construction of a separate sludge digestion 


‘tank provisions are made to draw small quantities of sludge suffi- 


ciently near to the bottom to give a comparatively good sample, deter- 
minations on the sludge should be favored, but in case the sludge 
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Fig. 23. Acidity, pH, Alkalinity, Ammonia, Solids, and Ash in the Sludge 
of the Separate Sludge Digestion Tank (Short Lines at Bottom 
Indicate When Solids Were Added) 


pipe reaches only partly down into the tank, sampling from the liquid 
layer would give a better index of activities. 


Since the tank could handle only a part of the total solids, it was 
practically impossible during the time of the experiment to add daily 
the required amounts of fresh solids. One of the Imhoff tanks 
which was converted into a preliminary settling tank collected far 


“more solids than could be daily disposed of into the tank, and conse- 
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quently when the separate sludge digestion tank was full it had to be 
allowed to rest for shorter or longer periods. The total addition of 
fresh solids was 963,000 cubic feet (95 per cent. moisture) during a 
period of about 180 days. The amount of material present when 
the experiment was started was about 15,000 cubic feet (92.3 per 
cent. moisture) comparable to about 23,000 cubic feet of 5 per cent. 
solids. A calculation of the rate of addition of fresh solids on a 
daily basis shows an addition of 2.3 per cent. (dry solids). 

During the first month of the experiment, 17,400 cubic feet fresh 
solids were added. This amount was increased considerably during 
the next two months, followed by one month’s rest, followed again 


Fig. 24. Lime Added, Fresh Solid Pumped in, Sludge Drawn, Temperature 
of Air and of the Contents of the Separate Sludge Digestion Tank 


by a brief period of addition; and finally the tank was allowed to rest 
for 6 weeks, after which the experiment was terminated. ‘The short 
lines at the bottom of figures 26, 27, 28 indicate the dates when fresh 
solids were added, whereas figure 24 shows the actual amounts in 
cubic feet. 

The period of experimentation can be divided conveniently into 
an operating and a resting period, and this division will be followed 
in the discussion for no other purpose than bringing out reasons for 
fluctuations in the curves. Since the general tendency of the curves 
obtained for sludge are the same as for liquid only, those for the for- 
mer will be used for detailed discussion (fig. 22 and 23). 

At the beginning of the experiment total acidity was generally 
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higher than during the later stages. The rises in acidity do not fol- 
low the additions of fresh solids, nor the resting periods. The gen- 
eral trend of the curves is the inverse of the total alkalinity curve, 
and the relation to the ammonia curve is only very general. During 
the first 6 weeks of the experiment it was noted that the curve for 
- methane was very similar to the total acidity curve, but with the 
advance of time this similarity was lost. 

During the first half of the experiment the pH values recorded 
reached 7.3 only a few times, whereas during the second half the pH 
values were practically always 7.3 or above. The trend of this curve 
naturally can be directly correlated with the total alkalinity curve, but 
it is worthy of note that the curve for the CO, content of the gas is in 
general inverse to the pH curves. In a forthcoming publication, on 
the effect of temperature in combination with reaction upon sludge 
digestion, the reasons for this phenomenon will be discussed at 
length; suffice it to say here that the type of digestion is influenced 
by the reaction of the medium and also by the composition of the gas 
produced. 

The behavior of the tank is indicated in a general way by the 
curve for total alkalinity. Starting with 1370 p.p.m., it rose grad- 
ually during the first 3 months to 2000 p.p.m., dropped back to 
slightly above the original level, but rose rapidly to about 3000 p.p.m. 
in the fourth month, reduced somewhat in the fifth, and rose again 
to the high point during the last month of the experiment. It will be 
noticed that the rapid rise occurred during the comparatively long 
period of rest. The sudden drops in alkalinity are directly related 
to sludge drawing. 

In general the curve for ammonia-nitrogen is directly related to 
the additions of fresh solids. It will be noticed from the curves that 
the ammonia content was highest when fresh solids were added and 
comparatively lowest when the tank was resting. Examination of 
the data obtained reveals the fact that the rise of ammonia is usually 
slightly behind the additions and that with the accumulation of the 
solids, ammonia increased. This is to be expected since decomposi- 
tion of nitrogenous material follows the breaking down of the soluble 
carbohydrate materials. 

The average solids content of the sludge during the second half of 
the experiment was 6.5 per cent., whereas the average solids content 
of the liquid was 3.3 per cent. During the addition of fresh solids 
(5 per cent.) the solids in the sludge dropped gradually from 7.7 per 
cent. to as low as 4.7, but after the tank was allowed to rest solids in 
the sludge increased until at the end the percentage of solids was 7.6. 

The ash content of the sludge dropped from about 39.6 to 35 per 
cent. (in a few instances even below), but the percentage gradually 
came back to the original when the tank was resting, and at the end, 
when the tank was resting, the percentage was 40.6. The average 
ash content of the sludge was 37.4 per cent. The ash content of the 
fresh solids varied between 22 and 24 per cent. There was an aver- 
age percentage increase in ash of about 50 per cent. over the original 
fresh solids. 
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The gas production from the tank during the first six weeks of 
the experiment is shown in figure 25, together with the sludge present 
in the tank and the additions of fresh solids. During this period 
40,000 cubic feet fresh solids were added and the total gas produc- 
tion was 82,400 cubic feet. At the beginning of the experiment 
23,000 cubic feet fresh solids (on a basis of 5 per cent. solids) was 
present in the tank. The total amount of sludge was 62,100 cubic 
feet. On this basis gas production was 1.32 cubic feet per cubic foot 
of sludge. Twice during this period the meter froze and no accurate 
record could be obtained. From figure 25 it can be seen that after 
November 8 the gas production was decidedly lower (except one day, 
November 16) than before that date. This occurred after the tank 
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Fig. 25. The Rate of Gas Production and Amounts of Sludge Present in the 
Separate Sludge Digestion Tank 


had been resting some time and the temperature had gradually 
dropped from 68° to 62° F. After the temperature dropped below 
60° F. gas production practically stopped and measurements were 
discontinued. When the gas production is taken during the first 24 
days and compared with the amount of sludge in the tank and fresh 
solids are added it is found that the total gas production was 65,500 
cubic feet, the amount of fresh solids added. 17,400 cubic feet, or a 
total of 40,400 cubic feet of material in the tank. The amount of 
gas per cubic foot of material in the tank for this period was 1.62 
cubic feet. Assuming that the sludge in the tank at the end was in 
the same stage of decomposition as at the beginning and taking the 
fresh solids added as a basis for comparison, we find 3.74 cubic feet 
of gas produced per cubic foot of fresh solids. Calculating the gas 
production on the basis of dry solids, we find for the whole period 
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24.3 cubic feet of gas per cubic foot of solids, and for the first 24 
days 30.0 cubic feet of gas per cubic foot of dry solids, or on the 
basis of fresh solids added, a total of 72.5 cubic feet of gas per cubic 
foot of dry solids. It should be borne in mind that the tank was by 
no means air-tight and gas was escaping continuously through small 
cracks and along the edges. 

The quantity of gas produced—leaving aside loss—from material 
in the tank was below the quantities obtained in carefully controlled 
laboratory experiments. It has been found by Bach and Sierp (1) 
and also by us that the possible amount of gas produced from material 
carried to complete digestion is at least 250 cubic feet per cubic foot 
dry organic material. This quantity can be increased by a change 
of reaction. In this experiment the amount of gas per cubic foot of 
organic matter was approximately 100 cubic feet. Since the possible 
gas production from material brought to complete digestion is from 
250 to 350 cubic feet per cubic foot of organic matter, it would seem 
that in the first 24 days of the experiment an equivalent of at least 
from 30 to 40 per cent. of the fresh solids added was digested. On 
this basis the tank would have taken care of considerably less fresh 
solids than it actually did. In a former publication (17) attention 
has been drawn to the fact that under certain conditions liquefaction 
can be induced. The laboratory experiments show that at a pH value 
of 7.3 liquefaction overbalances gasification. The tank contents were 
kept during the 24 days under consideration at an average pH value 
of slightly below 7.3 and the conclusion might be drawn that during 
this part of the experiment the digestion processes were mainly in the 
direction of liquefaction. 

The composition of the gas during the entire period is shown 
graphically in figure 26. Occasionally analyses for hydrogen were 
made, but this gas was never found. During the first part of the ex- | 
periment hydrogen sulfide was noticeable, but decreased later. At the 
beginning of the experiment methane production was low, but in- 
creased rapidly to an average of 72 per cent. After about one month 
the percentage of methane in the gas decreased to 58 per cent., and 
during the next month the average was about 66 per cent. In the 
second half of December the percentage of methane rose again and 
was almost persistently between 70 and 80 per cent. until the begin- 
ning of March, when it dropped again below 70 per cent. The 
fluctuations in CO, content curves were in general the inverse of those 
for the methane content. During the first part of the experiment the 
percentage of CO, fluctuated between 21 and 33 per cent., whereas 
during the second half the fluctuations were between 13 and 27 per 
cent. A comparison of the curves for pH values and alkalinity 
(fg. 23) with the curve for percentage of methane shows that 
there is in general a direct relation. With pH values below 7.3 the 
average methane content is about 68 per cent., whereas with pH values 
of 7.3 and above the average methane content is about 75 per cent. An 
exception might occur when the material has been digesting for some 
time (when no fresh solids are added). The relation between pH 
values and CO, content of the gas is also quite definite, but in the 
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reverse order from the methane percentage. The same holds for the 
production of total alkalinity. The data and curves apparently do 
not show any relation between the ammonia-nitrogen production and 
the composition of the gas. A more detailed discussion on this phase 
of the problem, however, will be published later. 

The daily temperatures of the tank, determined approximately 
half way between top and bottom by a self-recording thermometer, 
together with weekly averages of air temperatures (also determined 
by a self-recording thermometer) are plotted in figure 24. At the 
beginning of the experiment the temperature of the tank contents 
was 68° F., which in stages gradually dropped to as low as 48° F., 
on February 15. Barring this lowest temperature for one day, it is 
fair to say that the temperature dropped from 68° to about 50° F 
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Fig. 26. Composition of the Gas sia ee Separate Sludge Digestion Tank 
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On February 26 the temperature in the tank started to rise gradually. 
This was because a 34-inch iron pipe, through which hot water was 
flowing, had been placed in the tank. Heat was applied on Febru- 
ary 22, and four days later the temperature began to rise. The 
curves show that the initial rise took place at the time when the air 
temperature was still dropping. Shortly after heating was discon- 
tinued the temperature in the tank dropped rapidly in spite of the 
rising air temperature. During this time no fresh solids were added; 
therefore, the rise and fall of the temperature in the tank were due 
exclusively to the heat applied. While the tank was heated the super- 
intendent kept an accurate record of the amount of coal used. From 
his records he calculated that an average of 150 pounds of soft coal 
per day was needed to raise the temperature of the tank contents 
from 50° to 63° F. Since the average air temperature during the 
experiment was lower than the temperature of the tank contents, it 
is fair to assume that the effect of the air was not favorable for 
raising the temperature in the tank. It is clear that, since it took 
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1 pound of coal per day to heat 1000 pounds of material 13°, the 
amount of coal for maintaining the temperature at a certain degree 
in the fall and throughout the winter will be materially less than 
these figures. We believe that the practicability of maintaining a 
comparatively high temperature in a sludge digestion tank is demon- 
strated. 

It is of interest to compare the trend of the temperature in the 
digestion chamber of an Imhoff tank with the temperature in the 
separate sludge digestion tank. 

From records taken in former years it is known that the 
temperature of the settled sewage in the tank is practically the same 
as the incoming sewage. A few figures taken at random during the 
year (table 8) will suffice to illustrate this. Unfortunately our record 
for the temperature in the Imhoff tanks for the period of experi- 
mentation with the separate sludge digestion tank is incomplete. 
From the available data it appears that during December, January 
and February the temperatures in the Imhoff tanks and in the separate 
sludge digestion tank never varied more than 2°. For the sake of 
comparing the trend of the temperature in the two types of tanks, 
table 9 is included giving weekly averages of the temperatures in the 


TABLE 8 
Temperatures of influent and settled sewage 

Date | Inrtuent | Tank | Date | Inrruent | TANK _ 
Peps 24:ii) 47.8 47.7 Jane (9220. 62.6 62.6 
Mara i220. 47.7 47.7 UR CRO Sees 23 64.0 64.4 
Dhare 10s 2h 2. 46.4 46.5 tele «esa 65.3 65.3 
Mar, 24.......... 48.6 | 48.2 LW fel ee ae ON 67.0 67.0 
Pipi 2 lees D2.2 | 52.0 oh Yo wae | les Zab a 67.0 | 66.9 
Apr tes 53.8 53.8 Octit27 tes 61.0 61.0 
May  4.......... 56.0 56.0 Nevis | Gas sien 60.0 | 60.2 
LE ee ee 56.3 56.3 Nov. 142s 60.0 60.0 
Mave LDU. 5/2) 56.8 INGVIECS Aa 57.0 572 
Lao ht Bis erie 60.0 59.9 

TABLE 9 


Weekly average temperatures of the sepurate sludge 
digestion tank and an Imhoff tank 


Separate | Separate 
WEEK Sludge | Imhoff WEEK Sludge | Imhoff 
Tank | Tank Tank; + <Fank 
aero sre vail ek On Fe core 
yetamlOac cakes B. 67.5 OO Sarit lat /o en ee 5535 55:5 
(iis Pag eee ee 65.0 68.0 ied 1 eae a ae 54.9 54.0 
30-Nov._ 5.......... 62.9 64:5 Ore teal ha 53.6 53.0 
aig > Me St aa ee 62.6 67.0 OD fee ee 52.0 51.0 
ECE) SRL seg eal 61.0 66.0 28-Feb. 4*.......... 7 51.0 
NETS 6 & ROS oat DR 59.9 O50 bP ebeatt 5sl)l epee nee 49.9 50.0 
BF DCC dis sin 58.1 64.0 £221 Regs Ae 49.3 49.0 
Dec 18 eae SV! 60.5 | Heat applied Feb. 22 49.0 
«NDS pe laa 57.6 59.0 26-Mavr! 3.02. 52.0 48.0 
ie 2 a ae 56.0 56.0 
Plato |, Be: De ae 55.9 55.8 


* Therm. out. 
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separate sludge digestion tank (6 feet below the surface) during 
1925-26, and the temperature in the digestion chamber of an Imhoff 
tank (10 feet below surface) during the same period in 1924-25, 

It is of interest to note that, with a properly insulated separate 
sludge digestion tank, as used in Plainfield, the temperatures during 
December, January and February were practically identical with the 
records obtained for the Imhoff tanks during the previous year. 
Since the incomplete data obtained during this year on the Imhoff 
tanks never showed a greater variation than 2° F. with the separate 
sludge digestion tank, it seems fair to conclude that during the winter 
months the effect of the incoming sewage on the temperature in the 
digestion chamber of an Imhoff tank is not necessarily favorable. 
This is to be expected if it is kept in mind that the temperature of 
the tank contents is governed mainly by the surrounding material of 
the tank (groundwater, etc.). 

The amounts of lime added to the fresh solids and to the contents 
of the separate sludge digestion tank during the entire period of 
experimentation are graphically shown in figure 24. The total 
amount of fresh solids added was 96,300 cubic feet and the total 
amount of lime necessary to adjust this value of fresh solids and to 
keep the tank at a pH value of 7.3 was 15,775 pounds. The sludge 
in the tank present at the beginning of the experiment required some 
lime, but none was added until the experiment was well under way. 
The lime added per cubic foot of sludge (5 per cent. solids) was 


68 gm., but calculated on the amount of fresh solids added 76 gm. 


was necessary per cubic foot of sludge. Disregarding the amount of 
lime added to correct the tank (not necessary if the tank had been at 
the proper pH value), the amount of lime needed was 71 gm. per 
cubic foot of sludge. According to our laboratory experiments, when 
fresh solids were added daily, the amount should have been approxi- 
mately half the amount applied. Because of the erratic and spasmodic 
addition of fresh solids, which were frequently more acid than would 
have been the case when removed every day from the settling tank, 
several tons of lime were practically wasted. If these same fresh 
solids had been storeg in the settling tank from one to ten days (only 
a part being removed each day) the amounts of lime necessary would 
have been at least doubled again. (We have practical operating data 
showing that at least 150 gm. of lime per cubic foot of sludge might 
be necessary under such procedure. ) 


Bacteriological 


The total numbers of bacteria and the different groups of organ- 
isms as determined by the dilution method were studied in the liquid 
and sludge portions of the separate sludge digestion tank. 

The results are given in figures 27 and 28. The figures for the 
liquid part of the tank up to October 26 will have to “be discarded. 
because it was clearly the scum that was being examined. From this 
date on to November 13 the total numbers of bacteria show a low 
average both in the liquid and to a lesser extent in the sludge. The 
lactose fermenting organisms have a tendency to diminish during 
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this period. The other groups of organisms showed a fairly high 
average with minor fluctuations. The percentage of methane in the 
gas increased, whereas CO, showed a decline. No fresh solids were 
being pumped into the tanks during this period. 

From November 13 to 27 or 29 the above noted relationship changed 
radically. The total numbers of bacteria and of lactose fermenting 
organisms showed a very marked stimulation both in the liquid and 
the sludge. During this period CO, was increasing and methane and 


sam eae ese pe 
Pky, tes | Di ACT to 
ETN SpA VRCT BY ATA AR NVA A 
ene wey Vir ef eV HONG vi ee a 
i Seal Pieri Pay CRMs age | 
Mie metered ee pe Peg | 
\_HS Producers [ 


MS ad aa Lip HER RS 
! y wT A a 
2 CAL DEX saheamde 


ry aa 
Ag a 


os 
Sag 


Thousands 


Thousande 


— 
s 
3 


NO, Red ducers 


Thousands 


eS ae ee ee eee 

3 a 
an Veneer eT Amp | ae 
Cin See a ae Ve 


Phate Deane 


“> nasa 1 cas Seema) 


Iie Neck a ae 

A EY RSET ANS, Vee, iat oe aes 
ROM a 

Hip WW fee 

bau a ember December January February March April 


Fig. 27. Bacteria (Plate Count), Albumen Digesters, H2S Producers, NO3 
Reducers, and Lactose Fermenters in the Liquid of the Separate 
Sludge Digestion Tank 
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total alkalinity decreasing. Undoubtedly a change of the favorable 
conditions prevailing in the tank in the previous period had taken 
place. Whether this was due to excessive amounts of fresh solids 
additions or to the drop in temperature or to the simultaneous opera- 
tion of the two factors cannot be determined definitely. The signifi- 
cant fact is that when conditions were ideal for digestion as indicated 
by low CO, and high methane and alkalinity, the numbers of total 
bacteria were at a low level, whereas when the conditions for the 
digestion were unfavorable as judged by increasing CO, and decreas- 
ing methane in the gas and decreasing alkalinity, the numbers of 
total bacteria showed an unusual stimulation accompanied by a high 
average of lactose fermenting organisms. This is in line with the 
general idea advanced previously in connection with the Imhoff tank 
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studies (p. 443), that conditions for favorable digestion are not indi- 
cated by high fluctuating numbers of bacteria, but on the contrary, by 
a low uniform level. 

After a short period of rest from November 23 to the end of the 
month, resulting again in a low bacterial level, the tank was put into 
operation and received large amounts of solids intermittently up to 
December 22 with the result that bacterial numbers were high and 
fluctuated to a certain degree. The gas contained at this time a mod- 
erately high percentage of methane and CO,. It can be deduced from 
the composition of the gas and the numbers of og that the 
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Fig. 28. Bacteria (Plate Counts), Albumen Digesters, HzS Producers, NOs 
Reducers, and Lactose Fermenters in the Sludge of the Separate 
Sludge Digestion Tank 


tank was operating in a fairly desirable way, taking care of the solids 
that were put into it. On December 22 the pumping of fresh solids 
ceased and on December 24 methane showed a remarkable increase, 
whereas the bacteria and CO, dropped simultaneously. On the 
twenty-eighth the addition of solids was resumed while at the same 
time ripe sludge was being withdrawn. During this period the bac- 
teria were maintained at a low level possibly because of the counter- 
balancing effect of the sludge withdrawn. All this time, lime was 
being added, alkalinity increased, and the pH value was maintained 
at or above 7.3. On January 16 the tank was put out of operation 
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for a whole month and a low bacterial level was maintained for the 
remainder of the period with the exception of a single count on Feb- 
ruary 8 which must be explained as an experimental error. On Feb- 
ruary 15 the tank was put into operation again and on the twenty- 
second heat was applied to the tanks for a short period. 

From the above account of the behavior of the tank during 6 
months certain features stand out clearly: 

1. When the tank is receiving large amounts of solids, and sufficient lime 
is not added to neutralize the acidity, the numbers of total bacteria and lactose 
fermenters increase. On the other hand, when the tank is resting the, numbers 
of organisms are at a low level. 2. In an operating or resting tank, desirable 
digestion is carried on, as indicated by high methane and high alkalinity, by 
maintaining a uniform and not excessively high level of bacteria. 


A. word must be said in regard to the organisms that are grouped 
as albumen digesters, H,S producers, and NO, reducers. No direct 
correlation between these nor any correlation with the method of 
operation or the course of digestion could be observed. They are 
subject to fluctuation, sometimes to a considerable degree, in which 
case they must be significant in the digestion processes. However, to 
make any prediction and to correlate these groups with the type and 
stage of digestion, with the different materials attacked, and with the 
end products produced, would be impossible under the circumstances 
and with our present knowledge. A variety of organisms makes up 
each group; some of which must be very active in digestion at certain 
periods, whereas others are not and are simply capable of growing 
when inoculated into the media used. Nor are these groups exclusive 
of each other, but it is quite possible that a great many of the same 
organisms are included in these three different groups. It is believed 
that by splitting them up into groups of closer physiological relation- 
ship, the next step will be made toward a better insight into the 
organisms responsible for the digestion at different stages. 

The curves of the total numbers of bacteria calculated on the 
basis of dry solids, show the same tendency as the ones on a wet 
basis, even though the numbers of bacteria are not determined by the 
percentage of solids. There may be an increase in the numbers of 
bacteria on a wet basis, with a stationary or decreasing percentage 
of solids and on the other hand a decrease in the numbers of bac- 
teria with increasing percentages of solids. Thus the number of bac- 
teria is not determined by the percentage of solids and hence the 
total bacteria on a wet basis will give just as accurate a picture as 
the figures on a dry basis. A comparison of the total numbers of 
bacteria on a wet and a dry basis in liquid and sludge indicates that, 
per gram of dry matter, sludge contains less bacteria than the liquid. 
This is as could be expected, since the number of bacteria is not 
controlled by the mere percentage of solids but by the supply of avail- 
able food. 

In the discussion above it was noted that the lactose fermenters 
increase when fresh material is pumped. Figure 29 will show that not 
all of the lactose fermenters belong to the B. coli group. The dotted 
line indicates the number of organisms that produce gas in plain 
lactose broth, and the heavy line indicates those organisms only 
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which produce gas from lactose broth in the presence of gentian 
violet. As is well known this dye will suppress anaerobic spore- 
forming gas producers. Thus the growth in the lactose-gentian- 
violet-broth medium can be considered as representing only organ- 
isms of the B. coli group, whereas that in the plain lactose broth 
would include the anaerobic spore formers in addition to the colon 
organisms. An examination of the figures shows that the B. cols 
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Fig. 29. Comparison of Lactose Fermenters and B. coli Group in Liquid and 
Sludge 


group constitutes only a small percentage of the total number of 
lactose fermenting organisms. Their numbers are restricted when 
the tank is not operating, and even when fresh material is being 
added they constitute only a small percentage of the total lactose 
fermenting organisms. This indicates the importance of spore form- 
ing organisms in the digestion processes. In the near future it is 
hoped that their relative numbers in the different periods of diges- 
tion and under different conditions will be demonstrated. 
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Zoological 

The protozoa in both the sludge and liquid of the separate diges- 
tion tank were enumerated, three times each week, beginning October 
16, 1925, and continuing until April 14, 1926. The protozoan fauna 
of the separate digestion tank is not so extensive as that of the Imhoff 
tanks. It appears that separate digestion of sludge restricts the 
genera found to those protozoa which thrive best under anaerobic 
conditions and which are sapropelic in their mode of nutrition. A 
few forms which are known to be holozoic feeders were brought in 
with the incoming fresh solids but did not remain and multiply in 
the tank. Some of these were Lembus, Colpoda, Carchesium, and 
Euglena. A graphic presentation of the more important organisms is 
given in figure 30. 
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Fig. 30. The Sat Re of ee ay aN of cis: and One Flagellate in the 
Sludge and Liquid of the Separate Sludge Digestion Tank 
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The flagellates were the most numerous of the protozoa present. 
Among the species present, Trepomonas agilis predominated and 
formed the major part of the tank fauna. The total numbers of 
Trepomonas agilis is graphically presented in figure 31 and the total 
number of all the protozoa present is shown in figure 32. Com- 
paring these two figures, the reader may observe that the high peaks in 
the counts were due almost solely to the one species, Trepomonas 
agilis. This species is a facultative anaerobe and its nutrition is 
sapropelic. Lackey (10) has shown that large cultures of: Trepo- 
monas will thrive in anaerobic conditions, as in Novy anaerobic jars. 
Four other species which thrived in the separate digestion tank were 
Trimyema compressa, Monas amoebina, Holophrya sp., and Cyclhi- 
dium glaucoma. All these have been made to reproduce abundantly 
in anaerobic cultures by Lackey (10). Cyclidium glaucoma has been 
cultured in our laboratory under semi-aerobic conditions upon bac- 
teria which lived upon minute amounts of lactic, butyric, and acetic 
acid added to the tank liquid, in the proportion of 1: 100,000 and 
1: 10,000. 
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The enumerations showed that the numbers of protozoa in the 
sludge were slightly higher than in the liquid. This confirms what 
has been pointed out by Lackey (17) that there is a direct correla- 
tion between the distributions of solids and of protozoa. 
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The protozoan fauna in the separate digestion tank rose above 
100,000 per cubic centimeter only once from October to April, 1926. 
On January 13, 1925, 182,000 per cubic centimeter were enumerated 
in the sludge. Aside from a few peaks, figure 32 indicates that the 
protozoa remained below 20,000 per cubic centimeter during the 
greater part of the experiment. The addition of lime to the tank 
undoubtedly contributed toward the decrease in numbers of pro- 
tozoa. Laboratory experiments have shown that lime has a lethal 
effect upon the protozoa. The separate digestion tank contained 
fewer protozoa per cubic centimeter than operating Imhoff tanks 
and the genera are fewer and are more restricted to the obligatory or 
facultative anaerobes, whereas all of the species found in the separate 
digestion tank have been found in the Imhoff tanks. 


Discussion 


During a period of 6 months the separate sludge digestion tank 
with a capacity of 25,000 cubic feet received 96,300 cubic feet fresh 
solids of approximately 95 per cent. moisture. The average percent- 
age of solids in the liquid during this period was 3.3, whereas the 
average solids in the sludge was 6.5 per cent. The average ash con- 
tent of the sludge and liquid was 37.4 per cent. At the beginning of 
the experiment the percentages of solids and of ash were 7.7 and 39.6 
respectively, whereas at the end of the experiment the solids and ash 
were 7.6 and 40.6 respectively, or practically the same as at the begin- 
ning. The fresh solids added during the period of experimentation 
contained from 22 to 24 per cent. ash. Since the percentage of solids 
and ash in the tank was the same at the end as at the beginning, all 
fresh material increased from 25 to 40 per cent. ash, or a percentage 
increase in ash of 60.0. Experiments conducted in the laboratory with 
unseeded material show that an ash increase of about 40 per cent. 
can be expected in 18 weeks and with properly seeded material a sim- 
ilar increase in 8 to 10 weeks. As has been stated, the sludge drawn 
was as good as the best Imhoff tank sludge obtained at Plainfield. 


It is of interest to compare the efficiency of the digestion of 
sludge in an Imhoff tank and in this covered separate sludge diges- 
tion tank. Roughly the covered digestion tank digested satisfactorily 
100,000 cubic feet of fresh material of 5 per cent. solids (95 per 
cent. moisture) content during 180 days in winter at an average tem- 
perature of 55.5° F. As the capacity of the tank was 25,000 cubic 
feet, this seems to represent a turnover of four times, or a digestion 
period of 45 days. Shrinkage of the material during the digestion 
period, however, must be taken into account. 


The quantity of solids added in total was equivalent to 555 cubic 
feet per day, or figured on a dry basis, 1,734 pounds per day. In 
discussing Eddy’s paper on the behavior of Imhoff tanks, Downes (6) 
presented a graph for the calculation of the required sludge capacity 
in Imhoff tanks from cone glass readings (the solids in the cone 
were taken at 2 per cent. solids). Calculating the treatment of 555 
cubic feet per day of 5 per cent. solids or 1,734 pounds dry solids 
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digesting to an end product of 10 per cent. (90 per cent. moisture) 
sludge, the addition of 2 per cent. dry solids daily would require a 
capacity of 25,920 cubic feet. Applying Downes graph (assuming 
that it is applicable to fresh solids at 5 per cent. in the process of 
digesting, to sludge of 10 per cent. solids, as well as to 2 per cent. 
solids digesting to sludge of 5 per cent. solids) we find that the 
25,000 cubic feet capacity of the tank, equivalent to 45 days’ accumu- 
lation of sludge (undigested and uncontracted) is on the other hand 
equivalent to 100 days’ accumulation of sludge in the various stages 
of digestion. 


The theoretical advantage of raising the slot of an Imhoff tank 
so as to increase the effective sludge storage space to 150 days has 
been shown by Downes (5) ; applying his theory to one of his tanks 
he found that even 150 days was insufficient. However, calculations 
made in our laboratory showed that this tank had received more 


fresh solids than it could handle. In the discussion of Eddy’s paper — 


Downes (6) showed that of the four plants compared by Eddy 
the two which operated poorly had 55 days (Schenectady) and 80 
days (Plainfield) effective sludge capacity up to the slot, whereas 
the two which were working efficiently had a relative storage capacity 
of 112 days (Fitchburg) and 200 days (Rochester). On the assump- 
tion that at least 100 days sludge storage capacity is required for 
Imhoff tanks, the covered separate sludge digestion tank did as well 
as a good working Imhoff tank. This does not necessarily mean 
that the capacity of the separate sludge digestion tank was reached 
and that no more could be handled, because: 1. The fresh solids 
were added to the tank as the need for space arose—a large volume 
one day, and none the other—rather than the necessary daily addi- 
tions to keep the correct relation between ripe sludge and fresh 
solids, or in other words, to hold the biological equilibrium at an 
optimum, and 2. Downes’ calculations were based on summer tem- 
perature, whereas the results with the separate sludge digestion tank 
were obtained during the winter months. 


If we assume that the correction of the reaction of the fresh solids 
by the addition of lime compensated for the higher temperatures in 
summer, we still find that the separate sludge digestion was as effective 
as a good working Imhoff tank. 


Whether Imhoff tanks or separate sludge digestion tanks are to be 
used will depend upon the cost (construction and operating) and upon 
their flexibility and their ease of control. Since we have found that 
the reaction of the contents of a tank is an important factor in diges- 
tion, it appears that this can be controlled with a greater degree of 
accuracy in separate sludge digestion tanks. The daily addition of 
definite quantities of fresh solids to ripe sludge is simpler in separate 
sludge digestion tanks than in Imhoff tanks. Submergence of scum 
by weighing down and the collection of gases might be equally 
feasible in both types of tanks. However, it is far easier and more 
economical to apply heat to a separate sludge digestion tank than to 
an Imhoff tank. 
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Amounts of Lime Necessary for Adjustment of Fresh Solids 
and Material in Digestion Tanks 


It was found early in the studies on the effect of lime on digestion, 
that with the same pH values and different solids concentrations, 
varying amounts of lime were needed and that with the same con- 
centrations and different pH values, the amounts needed were not 
always in direct relation to the pH values. 

Since the amounts of lime necessary to adjust fresh solids and 
tank contents varied widely and no data were available for applica- 
tion, a study has been made of the reasons why variations occurred 
with the object in view of constructing curves which could be used 
in theoretical studies and practical sewage disposal plant operation. 


Method 


Fresh solids collected in the usual manner for 24 hours were 
brought to the laboratory, divided into portions of 100 cubic centi- 
meters, and different quantities of dry hydrated lime added. The mix- 
tures were left standing for about two hours and occasionally thor- 
oughly shaken to insure equilibrium. Total acidity, alkalinity, solids 
and ash, and pH values were determined at the beginning and the end. 
Other series were run with the same material but diluted with dis- 
tilled water to change the concentration of solids. Still other series 
were run in which 0.1N NaOH was added in different quantities 
to material of different concentrations. In the latter series some were 
diluted with tank liquid and with fresh solids filtrate. 


Results 


Material collected at Plainfield for not longer than 24 hours, 
practically always has a pH value of 6.1. 

Examples of actual pH curves obtained by the addition of lime 
to fresh solids of different concentrations are given in figure 33. 
It is quite evident that the curves resemble parts of titration curves 
of more or less strongly buffered substances. The relation between 
total acidity, alkalinity, and pH values of another series is graphically 
shown in figure 34. It will be noticed that the initial acidity decreased 
with the increase of pH values from 5.5 to 6.3 whereas the alkalinity 
changed but slightly. Evidently most of the organic acids present 
were rapidly neutralized. It must be kept in mind that total acidity 
figures are made up of organic acids, amino-acids, acid colloids, ete. 
Amino-acids and acid colloids are buffers and while greater addi- 
tions of alkali caused a rise in alkalinity and pH values, total acidity 
remained nearly constant. A second drop in acidity occurs later with 
a rise of pH values, whereas the alkalinity curve showed a rise. 
Finally “total” alkalinity dropped, acidity remained constant, and pH 
values rose sharply. These changes are even more clearly demon- 
strated in figure 35. Ordinarily a flattening out of the pH curves 
occurs around pH 6.2, again at pH 6.7 to 6.8, and again at 7.2 to 7.3 
and finally at about 8.2 to 8.4. 

At the first point (pH 6.2) organic acids produced in the course 
of digestion are broken down, at the second (6.6 to 6.8) the organic 
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GRAMS 250 1.00 1.50 2.00 


Fig. 33. The Effect of the Addition of Lime on the pH Curve of Fresh Solids 
of Different Concentrations 


acids have practically disappeared and the acidity is due to dissolved 
CO, and acid colloids. The buffer action becomes greatest at this 
point and rapid production of amino-acids takes place. The third 
point of action occurs at pH 7.2 to 7.3 due apparently to acid car- 
bonate. If the contention that the buffer action is caused by the dif- 
ferent substances as outlined above is true we must be able to show 
this in a titration curve obtained by adding these organic substances 
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Fig. 34. The Relation Between Acidity, Alkalinity, and pH Values of Fresh 
Solids (Fresh Solids Concentration 4.5 Per Cent.) 
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Fig. 35. The Relation Between Acidity, Alkalinity and pH Values of Fresh 
Solids (Solids Concentration 2.7 Per Cent.) 


in solution. Additions of different organic acids, acid colloids, etc., 
to the decomposing fresh solids would not give a true picture and 
would upset the “natural” equilibrium. To portions of the same fresh 
solids were therefore added equivalent amounts of filtrate and also 
centrifuged material so that the solids become less concentrated 
but more acid substances were present. Considerably more alkali 
was necessary to change the pH values at 6.2 and 6.8 with diluted 
material than with undiluted, in spite of the fact that the percentage 
solids concentration was only a little over half. (Compare figures 
35 and 36.) A study of the character of the material present in the 
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Fig. 36. Effect of Diluting Fresh Solids (2.7 Per Cent.) With Sludge Filtrate 
to 1.4 Per Cent. Solids on the pH Values of the Material 
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filtrate shows that at pH 6.2 a large part is in a colloidal stage and a, 


considerable amount of organic acids is present. When such a filtrate 
is titrated with an alkali, part of the colloidal material is thrown out 
of suspension. In a case where the course of fresh solids digestion is 
studied, soluble carbonaceous material is apparently attacked first, 
followed by protein material and again followed by more resistant 
carbonaceous material. Pedlow (12) finds that in the first stages 
of decomposition the rate of disappearance of nitrogenous material 
from the liquid is greater than the rate of decomposition of protein 
material in the sludge which supplies the colloidal protein material in 
the liquid. It would seem thus that at a pH of 6.2 protein colloids are 
thrown out of suspension, and at the second flattening out of the 
curve (pH 6.7 to 6.8) carbohydrates are precipitated. This would 


TABLE 10 


Amount of lime added per liter to the incoming fresh solids and sludge 
during the entire time (106 days) of the “lime digestion’ experiment 


pit... y oe 12 7.6 8.2 8.8 


Solids con- 
centration, 


35 2 [3s 5 
Der Cems: | 


| 
Lime added | | | | 
to fresh 2.48] 4.40] 6.15] 4.92} 8.70]12.80| 6.20]10.92|16.42| 7.18]12.62|17.17 
solids, gm...... 
Lime | | | | 
added to 0.0 | 0.0 | 0.0 |16.67|21.50|22.66|21.70|41.70|35.90|21.00 
bottles, gm.... | | | 
Total lime : | | | | | 
in whole 2.48| 4.40] 6.15|21.59 me Bee 27.90|52.62|52.32|28.18|38.72| 38.37 
period, gm... | | | Se eee ee 


mean that at least a part of the flattening out of the curves at pH 6.2 
and 6.8 is caused by absorption phenomena. In the course of diges- 
tion of fresh solids the color and density of the liquid changes around 
pH 6.2 and again materially just below the neutral point. At pH 6.2 
the liquid becomes white opaque, whereas at about 6.8 to 7.0 the 
yellowish, dense liquid becomes clear. 

Since the laboratory experiments have shown that digestion is 
best and most rapid at pH values of 7.3 to 7.6 it is obvious that the 
tank contents as well as the incoming fresh material should be 
adjusted to approximately these figures. The next question is: How 
much lime should be added? During the entire length of the lime 
digestion experiment, described in detail in another part of this re- 
port (p. 412), the lime added to the incoming fresh solids was almost 
directly in proportion to the solids concentration (table 10). There 
was, however, no such relation between the material in the different 
bottles. Here, the amounts of lime necessary to adjust the reaction 
were directly related to the total activities. For instance, the amounts 
of lime added to the bottles of the pH 7.6 series increased from 16.7 
gm. per liter with 2 per cent. fresh solids additions to 21.5 gm. per 
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liter with 3.5 per cent. fresh solids additions, but it increased only to 
22.7 gm. with 5 per cent. daily additions. In the pH 8.2 series for 
the 5 per cent. additions actually 6 gm. of lime less than for the 3.5 
per cent. additions were necessary. It was found that the amounts of 
lime necessary to adjust the fresh solids added were directly pro- 
portional to the solids concentration and in case the rate of activities 
in the different bottles kept at the same reactions had been the same 
the amounts of lime necessary would have been increasd in pro- 
portion to the amounts of solids. This was not the case, because the 
- activities of the organisms did not increase at the same rate as the 
solids concentration. Figure 4 is very enlightening in this respect. 
As could be expected it may be concluded that the amounts of lime 
necessary are directly related to the total activities during the course 
of digestion. It is fair to suppose that each gram of organic matter 
produces at a given reaction the same kind and amount of intermediate 
and end products. The greater the amount or the concentration of 
organic matter the more of these intermediate and end products would 
be produced, consequently the more lime would be necessary to neutral- 
ize the acids and to floc out the acid colloidal material. These con- 
tentions were checked up in preliminary experiments and finally long 
series of laboratory experiments were performed to furnish data for 
the construction of curves from which at a glance the different 
amounts of lime at different pH values and at different organic con- 
centrations could be read. 


In adjusting the hydrogen-ion value of any sewage material, 
several factors must be taken into consideration: First, pH value of 
the sewage to be adjusted to a desired point; second, the amount of 
total solids and organic matter; and third, the characteristics of the 
particular sewage under consideration. But inasmuch as the last 
factor can be largely controlled by a careful consideration of the first 
two, no further mention need be made. 


It is evident, that there are three variables, viz: the ultimate pH 
value, the amount of solids, and the amount of lime to be added. A 
curve of the amounts of lime to be added, obtained by direct experi- 
mentation, would therefore be in three dimensions. To construct 
such a curve is impracticable, and to print it impossible; hence the 
form shown in figure 37 was adopted. From this figure it is apparent 
that the curve has the form of a pyramid. By cutting a plane section 
through the pyramid at the point of given concentration of solids 
and the desired RIS St ion value, the amount of lime necessary can 
be read directly. 


In the figure the dotted lines represent the surface of the pyramid 
and the heavy lines represent the intersection of planes at the given 
concentrations and desired hydrogen-ion value. It is to be noted that 
the upper curve gives values for the adjustment of fresh solids 
only, whereas the lower curve indicates the amount of lime necessary 
for digestion as well as adjustment. In either case intermediate values 
either of solids concentration, or of hydrogen-ion values, can be 
obtained by interpolation. For practical purposes calculations in order 
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Fig. 37. The Relation Between pH Values, Amounts of Solids, and Amount 
of Lime to be Added 


to find the amount of lime necessary for correction are rather diff- 
cult. We have therefore constructed a curve (fig. 38) which shows 
at a glance the amount of hydrated lime to be added per cubic foot of 
fresh solids or of partly decomposed matter to adjust the material 
to a pH value of 7.3. Ordinarily the amount of solids received at a 
plant is known. The organic matter content of the solids varies 
only slightly. At Plainfield the variations during the year (analyses 
for over a year at intervals of 2 or 3 days) were negligible. The 
organic matter content varied from 74 to 76 per cent. in the settled 
solids. It seems, therefore, that a few analyses of fresh solids would 
be sufficient, assuming that the solids concentration is fairly uniform, 
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Fig. 38. Amounts of Hydrated Lime Per Cubic Foot of Fresh Solids Neces- 
sary to Adjust the Material to a pH Value of 7.3 


and all that will be necessary for efficient control is the determina- 
tion of the pH values. 

It will be found that with domestic sewage the amounts of lime to 
be used for adjustment are small. At Plainfield the sewage is rather 
stale and has an average pH value of about 7.3. If conditions are 
well balanced in the tanks the ripe sludge will take care of a definite 
amount of fresh solids. It is practically impossible, however, to con- 
trol the rate of additions of fresh solids so strictly that the balance 
is not upset sooner or later. Moreover, if acid waste materials are 
added the bacterial action is affected and a depression of the pH 
values will result. Although the pH determinations of incoming sewage 
give an idea of how acid or alkaline the incoming material is, they 
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do not give a clue to the amounts of lime needed. As has been 
pointed out frequently by the authors, the pH of the liquid in the 
digestion chamber is about the best index of the working of the tank. 
All our calculations, therefore, are based on the pH values of the 
liquid. For the Plainfield plant the total amounts of hydrated lime 
needed to adjust material in the digestion chambers to a pH value 
of 7.3 are about 3 to 4 pounds per million gallons sewage daily. . This 
is the amount needed after the contents in the digestion compartment 
have reached this same figure. But what must be done to correct a 
poorly working, acid, foaming tank? Let us take some examples: 


1. A tank is foaming but there is still a distinct sludge, liquid, and scum 
layer. First we must find approximately how much sludge and scum are present 
and ascertain their solid concentration. 


Capacity /dimestion (chambers cqe.. 8 ae.o es 10,000 cubic feet 
Sludge: (Sper cent. 1solds \ ais. eke 3,000 cubic feet 
Scum (G6 per iceneysolidsyzt.cna st wee 1,000 cubic feet 
Ligticdh 0.5 perr cent Golda) ke ta ee 6,000 cubic feet 


(If there are very little solids in the liquid layer they 
can be disregarded. ) 


Average solids tor-chainbeti. 207 5.0 tate 3.3 per cent. 
0g Me eee ek ie Ee RYU Mee ESM Nia EPI eh 

Lime: per’ cubic Soot cc} ced ok, ea cee 10.7 gm. 
Total lime “tor ?tankc Ae ee 237 pounds 


2. An aggravated case of foaming. There is no definite layer of sludge 
and scum but the solids are distributed “throughout the tank. All that is neces- 
sary in this case is to determine the solids and the pH value of the material 
and lime added. 


If more accurate determinations are desired it is better to calculate 
the amount of lime needed on the basis of volatile matter, because 
the ash contents of different sewages are not alike especially where 
industrial wastes are received. (Solids—ash=volatile matter. ) 

It should be borne in mind that additions of lime every day to 
tanks receiving fresh material are better and more economical than 
additions of lime at longer intervals. Imhoff tanks kept under daily 
control can be handled more easily than under weekly control. For 
separate sludge digestion tanks, solids as fresh as possible should be 
added daily, and lime additions, if necessary, made at the same time. 
Constant control of tanks is not only easier and more economical, but 
insures digestion at an even rate. Separate sludge digestion tanks 
brought to a pH value of 7.3 will remain there almost indefinitely 
provided the relation of fresh solids and ripe sludge is correct and 
the fresh solids added daily are adjusted. If the relation of 
fresh solids to ripe sludge is correct in Imhoff tanks and the incoming 
sewage averages about pH 7.5 to 7.6 no lime will be necessary unless 
sudden changes occur, like additions of quantities of acid trade waste, 
mash from illicit distilleries, etc. If the average pH values of incom- 
ing material are lower, a constant careful control will prevent a good 
deal of nuisance and expenditure of money. 

If a tank is adjusted occasionally, the fluctuations in the reaction 
of the medium are greater, and consequent biological activities will 
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undergo greater and more rapid changes causing possibly temporary 
retardation of digestion. It is also possible that under certain con- 
ditions, such as high temperatures, digestion will become so rapid that 
it at first appears as an aggravation of the troubles. These more vio- 
lent manifestations of activities, whether desired or not, will dis- 
hearten the operator or possibly put his plant into a condition from 
which it will take the tanks some time to recover. The ultimate 
result will be beneficial, but conditions in the meantime may not be 
all that is desired. 


Methods of Application of Lime 


It has been the practice at certain sewage disposal plants to dose 
the influent to Imhoff tanks with empiric amounts of lime. Sometimes 
this has given good results while at other times it has aggravated the 
conditions of the tanks. The reasons are obvious. Additions of lime to 
the influent are not only wasteful but if the effluent of the tanks is 
subsequently thrown on filterbeds they might even be harmful, because 
although part of the lime added will be absorbed by the colloidal mate- 
rial, another part will remain in suspension and be carried to the 
beds. Biological activities in the filterbeds are, or should be, inher- 
ently different from the activities in the tanks. The continuous addi- 
tions of lime to the beds cause a possible inhibition of the biological 
activities in the filter and also will cause clogging in the long run. 
Good results in the correction of an Imhoff tank were obtained by 
adding dry hydrated lime to the digestion compartment with the aid 
of a small pump for mixing it with the liquid and scum. Material 
was pumped out of one compartment into the other and lime added. 
Although this method of application insured good mixing, it can 
easily be improved upon. For the correction of a separate sludge tank 
a similar procedure was followed, whereas adjustment of the settled 
solids was obtained when they were pumped into the separate sludge 
tank from the sedimentation tank. 


Summary 


_ Figures and curves are presented to show the amounts of lime 
necessary to adjust the reaction of incoming fresh solids of different 
concentration. Examples are given for correction of poorly working, 
acid tanks. The reasons for adjustment are briefly discussed. Lime, 
if needed, should be added daily to fresh solids going to separate 
sludge digestion tanks and is preferable also for Imhoff tanks because 
it is more economical and produces better results. Examples of 
adjustment and methods of application of lime are given. The amount 
of lime necessary to adjust the Plainfield fresh sewage solids to pH 
7.3 is from 3 to 4 pounds per million gallons sewage daily ; to adjust 
them to a pH value of 7.6, about 25 pounds per million gallons daily. 


General Discussion on the Effect of Lime on Sludge Digestion 


It has often been questioned whether carefully controlled labora- 
tory experiments would present a real picture of the processes going 
on in a tank. Still more often it has been questioned whether such 
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experiments could be duplicated on a large scale. Careful observa- 
tion and analyses have thrown light on the course of the digestion of 
solids and the fundamental changes taking place. In this way many 
data have been obtained which confirm experiments made by other 
investigators, considerable amounts of data of which are not in agree- 
ment with other workers, and still more which have enabled us to 
explain the results obtained by us and others. Finally, the results 
found in the literature or obtained in our laboratory are checked up 
and verified. As soon as we have sufficient data the laboratory experi- 
ments are amplified and repeated on a large scale in tanks of different 
design and in tanks subjected to differences in manipulation. 


A number of examples could be cited where laboratory experi- 
ments and conclusions based on these experiments have been found 
to hold when subjected to less rigid control in tanks. Attention will 
be called here to only two of these examples. The first, probably of 
only academic interest, is in connection with the behavior of Imhoff 
tanks ; and the second, of practical importance, is in connection with 
digestion tanks of any design. It has been brought out under the 
bacteriological discussion of the behavior of Imhoff tanks that albu- 
men digesting organisms and H,S producers increased in the tanks 
after a certain resting period, also that the albumen digesters pre- 
ceded the H,S producers. It has been found in the laboratory that 
these organisms are most abundant in the second stage of digestion 
(preponderance of digestion of nitrogenous compounds); and in 
the tanks it took place after a period of rest when the second stage of 
decomposition was most pronounced. It seems, therefore, that a 
resting tank can be compared directly to the material kept in bottles 
in the laboratory. 


It has been pointed out before, that each particle of organic mat- 
ter flowing into a tank undergoes changes similar to fresh organic 
material placed in containers in the laboratory or to material placed 
in a separate sludge digestion tank, but since fresh solids are coming 
in continuously in an Imhoff tank, particles will be present in all 
stages of decomposition. The result is that, if the course of digestion 
of each particle should be plotted and the points of all particles at the 
same stage of digestion connected, a straight line would result. A 
series of such connected points for each stage in the digestion proc- 
esses should give a series of straight lines. When we, therefore, 
make titrations, pH determinations, etc., of a running tank, we have 
an indication of the combined stages or activities of a tank and a 
divergence from the line nearest to the finished product or optimum 
condition for digestion indicates at once poor working of the tank. 
A laboratory study, therefore, will be necessary to find basic prin- 
ciples and indications of optimum conditions, but does not necessarily 
- result in finding means for correcting difficulties in an operating plant. 
If, in addition to the basic principles, measures and means are found 
to correct improper conditions, experiments must be carried out on a 
large scale at a plant. This has been done in the case of optimum 
reaction for most rapid sludge digestion. After it was found in the 
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laboratory that the optimum reaction for sludge digestion was about 
pH 7.3 to 7.6, experiments were made on a plant scale which seem 
to bear out the conclusion reached from the laboratory experiments. 
It is quite possible that there is more than one optimum reaction 
for sludge digestion when conditions are radically different or modi- 
fied. We have some evidence indicating this to be the case, but under 
ordinary circumstances with domestic sewage, or sanitary sewage 
with comparatively little trade waste, the reaction expressed in pH 
values as given above is the optimum for sludge digestion (mainly 
liquefaction). 

The maintenance of the optimum reaction in plant operation 
might seem at first rather difficult, especially in view of the fact that 
the incoming material, by its production of organic acids and acid 
colloids, has a decided effect on the reaction of the tank contents. It 
has been found that with the proper relation of ripe sludge to fresh 
solids, sufficient alkaline substances are produced by the decomposi- 
tion to neutralize or counterbalance the effects of the acids. The 
proper relation between ripe sludge and fresh solids is nothing but 
the maintenance of the biological equilibrium necessary for most rapid 
and efficient sludge digestion. If, therefore, a proper biological bal- 
ance exists in a tank it might not be necessary to add lime for cor- 
rection, or if the tank contents record a reaction indicating that it is 
near the “danger line’ only sufficient lime need be added to the 
fresh solids entering the tank to adjust them to the proper hydrogen- 
ion concentration. It has been found in our laboratory that in the 
course of digestion several points in the pH curves (figures 34, 35 
and 36) indicate strong buffer actions. One of these points comes 
between pH 7.2 and 7.6. The result will be a material decrease in 
the danger of adding too much lime. 


In former publications (16, 17) we have stressed the point that 
the proper relation between ripe sludge and fresh solids is as 50:1 on 
a dry basis, therefore not more than 2 per cent: fresh solids should 
be added daily. But if the reactions of the tanks and of the incoming 
fresh solids are kept at the proper optimum the amounts of fresh 
solids added daily can be increased from 2 to 3.5 per cent (dry basis), 
or the relation of ripe sludge to fresh solids necessary for efficient 
digestion can be changed from 50:1 to 30:1. This is not only because 
fresh solids digest more rapidly at the proper reaction, but because 
the potential acidity produced is taken care of by the lime. 


The above statement brings us to a discussion of the “mechanism” 
of sludge digestion with and without the addition of lime. For a 
proper understanding of this “mechanism” the following schematic 
presentation will serve as a basis for discussion. 


Incoming organic material is attacked and decomposed in three 
not sharply divided stages; these stages overlap: 


1. Soluble carbohydrates, dissolved nitrogenous material, certain cellulosic 
materials. 

2. Nitrogenous materials. 

3. More resistant carbohydrates. 
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Unseeded fresh material, without lime 


I. Period of intensive acid production: 


A. Materials atiacked a. Easily available carbohydrates (sugars, 
soluble starches, cellulose). 

b. Soluble nitrogenous compounds. ‘ 

B. Organisms responsible 1. B. coli group, spore forming anaerobes. : 


C. Characteristics 1. Increase in acidity. 
2. Solids: gray, less than half on top. 
3. Odors: putrefactive, HoeS. 
4. Liquid: fairly clear to slightly turbid. 
5. Slight coagulation of colloidal material 
with heat and alcohol. 
6. Disappearance of protozoa. 
7. Increasing B. O. D. values, 
D. Products 1."Organiccacids, Hos. 
2. Gas: comparatively large volume with 
high percentage of COg and No. 
3. Acid carbonates. 
E. pH range 6.8-5.1. 
F. Results 1. Reduction of colon organisms. 


2. Retardation of proteolysis. 


II. Period of acid regression or acid digestion: 


A. Materials attacked 1. Organic sacids, 
2. Nitrogenous compounds. 
B. Orgamsms responsible (Not definitely determined. ) ? 
C. Characteristics 1. Prolongation of the low level of pH 
values followed by a slow rise. 
. Solids: gray to yellowish-brown half to 
four-fifths at top. 
. Odors: HoeS, indol, onion (mercaptans), 
etc. 

. Liquid: slightly turbid (milky) to yellow. 
Some to considerable coagulation of col- 
loidal material with heat and alcohol. 

. HightB, OO, Di values 

. Gas: small volume, with decreasing per- 
centage of COso and Nog; hydrogen 
formed. 

2. Ammonia compounds (amines, etc.). 

3. Acid carbonates. 


RHA mb w ND 


D. Products 


E. pH range 5.1 to 6.6-6.8. 
F. Results 1. Gradual rise of pH curve. 
2. Acceleration of digestion. 
3. Foaming. ® 
III. Period of intensive digestion of more resistant materials: 
A. Materials attacked 1. Nitrogenous materials. 
a. proteins. 


b. amino-acids, etc. 
2. Ligno-cellulose (?) 


3. ‘Pats: 
B. Organisms responsible Spore forming anaerobes, and fat splitting 
: organisms. 
C. Characteristics 1. Decreased acidity. 


2. Increased alkalinity. 

3. Slow rising pH curve. 

4. Solids: dark brown to black, half to none 
at top. ! 

5. Odors: odor associated with methane; 
tarry, rubber. 
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6. Liquid: from slightly turbid to clear. 

7. Some to no coagulation with heat, slight 
to no coagulation with alcohol. 

8. Reappearance of protozoa. 

_ Rapidly decreasing B. O. D. values. 


D. Products . Ammonia and other protein degradation 
products. 
2. Organic acids. 
3. Gas: large volume with high percentage 
of CH4, low COs, and Ne and no Ho. 
E. pH range 6.9 to 7.4. 
F. Results Sludge stable enough for disposal. 


Hardness of water may be a factor in changes of pH values, but 
the general scheme would be similar. With increased hardness of 
water the rate of sludge digestion should increase. 


The rapid production of ammonia-nitrogen noticed in all our 
digestion experiments during the first few days indicates that nitro- 
genous materials are attacked. At the beginning of digestion, nitrate- 
nitrogen varies from 6 to 10 p.p.m. decreasing to 1 to 2 p.pm. ina 
week or 10 days. Albuminoid nitrogen and amino nitrogen on the 
other. hand remain practically stationary during the first 10 to 14 
days. This would indicate that the nitrogenous material attacked 
during the first stage of decomposition is in a soluble form. It is 
quite possible that the soluble carbohydrates serve as energy for the 
bacteria belonging to the colon group which use this material to reduce 
nitrates. The nitrogen gas produced during this first stage therefore 
would be a by-product and explains the high percentage of this gas 
present. In addition to the dissolved and soluble materials the true 
cellulosic materials are decomposed but mainly during the second 
part of this first stage. 


During the period of intensive acid production, organic acids are 
formed faster than they are broken down, whereas during the second 
stage of decomposition the acids are broken down faster than they 
are formed and the accumulated acids decrease. The result is that 
“total acidity” decreases and pH values begin to rise. The decrease 
of organic acids makes the medium more and more favorable for 
proteolysis, amino acids increase, ammonia nitrogen reaches a high 
peak and from then on begins to fluctuate but remains at a high 
level. Still later the ammonia compounds make the medium more 
favorable for the decomposition of more resistant carbohydrates, 
such as ligno-cellulose, and fatty substances, which give rise in turn 
to the organic acids. ‘These organic acids, neutralized by alkaline 
decomposition products or lime, promote the decomposition of nitro- 
genous materials. As soon as the activities come to an equilibrium, 
a “biological balance” is established. If this biological balance is not 
influenced by the sudden addition of large quantities of fresh solids, 
industrial wastes, etc., but is maintained by a comparatively even food 
supply (proper daily additions of fresh solids) it will function indefi- 
nitely. Such a functioning will be characterized by an even produc- 
tion of gas (high methane content), absence of foaming, even pH 
values of material (7.3-7.6), comparative absence of odors, and 
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other general indications of efficient digestion, like physical conditions 
of liquid and sludge (color, drainability, etc.). 

The purpose of maintaining this proper reaction of the medium 
(by the addition of hydrated lime) is to propagate, stimulate, or accel- 
erate the establishment of, or to sustain, this proper biological bal- 
ance. The addition of lime does not change the course of digestion 
as outlined above. They continue, but the acids produced are neu- 
tralized by the lime as soon as they are formed, thereby decreasing 
to a fraction the initial long period when acids retard -proteolysis. 
That this conception is correct is shown by the alkalinity curves for 
our laboratory experiments (p. 413). The total alkalinity does not 
rise in periods when lime is added, but just the contrary. In the periods 
where most lime was needed excessive acid production took place. 
This was particularly true in the bottles adjusted to higher pH values, 
where alkalinity dropped in spite of the large additions of lime. 
However, the addition of lime intensifies the activities of organisms 
digesting carbon compounds with the result that the rate of acid 
formation is increased. As long as sufficient lime is added to take 
care of the excessive (potential) acidity, the activities of organisms 
decomposing nitrogenous compounds will continue or increase at the 
same rate as the activities of the organisms decomposing carbon com- 
pounds. 

When lime is added the alkaline nitrogenous products are not, 
or are only partly used for the neutralization of acids formed in the 
decomposition processes, therefore the alkaline products will accu- 
mulate. This accumulation may possibly change the course of decom- 
position of nitrogenous compounds. In a forthcoming publication, the 
question of decomposition of nitrogenous compounds and the possible 
changes caused by different factors, such as lime, will be discussed 
more in detail. If it is true that the alkaline nitrogen compounds 
accumulate through the addition of lime, the biochemical oxygen 
demand should be greater during certain stages of digestion when 
lime is added than during the same stages when no lime is present. 
Hundreds of analyses show this to be precisely the case. As soon 
as the intermediate nitrogen compounds are broken down further, the 
biochemical oxygen demand should drop. Our curves show that such 
a drop occurs at pH values 6.8 to 7.0. [One of a series of curves is 
published in Public Works (19)]. On the other hand, when lime 
retards the further breaking down of intermediate nitrogen com- 
pounds, higher biochemical oxygen demand values are found. This 
occurs when an excess of lime is added. An excessive addition of 
lime retards the activities of those organisms which are responsible 
for the completion of the decomposition of intermediate nitrogen 
compounds. The retardation is not necessarily apparent in the reduc- 
tion of total bacteria; the total numbers may be the same or even 
greater, indicating a “stimulation” of other organisms. When such 
a “stimulation” takes place and more acids are produced, the pH 
index will show sharp fluctuations. 

When intermediate nitrogen-decomposition products accumulate, 
the volume and subsequently the apparent intensity of odors should 
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increase. Nitrogenous substances are most rapidly broken down when 
the pH curve rises from 5.1 to 6.8. The odors are strongest during 
this period (disregarding whether or not odors are caused by inter- 
mediate nitrogen-compounds products containing sulfur) and in case 
a proper biological balance is not maintained, odors become most 
pronounced when acidity decreases or when sufficient lime is added 
to neutralize the acids, but the organisms responsible for further 
decomposition of these nitrogenous products have not as yet had 
time to remove the surplus. Anyone who has treated quantities of 
fresh solids with an overdose of lime for so-called “sterilization” 
will know that after some time, when decomposition has started 
(production of acids and partial or total inhibition of further decom- 
position of nitrogenous intermediate products ), odors emanating 
from such material are foul and intensive. 

Aside from neutralizing acids formed and its effect upon the 
activities of organisms, lime causes a physical change of the medium, 
especially in the supernatent liquid. Acid colloidal material, partly 
decomposed or not, is rapidly flocked out. In case of a foaming tank, 
the floculation of the suspended material by lime, whether due to a 
change in surface tension (breaking of gas bubbles) or to growth 
of floc or both, not only improves the functioning of the tank but 
also increases temporarily its sludge capacity. The flocking out of 
suspended material with the aid of large dosages of lime can again 
be hastened by such manipulations as gentle stirring or paddling. 
However, fresh sludge obtained by such methods must be taken 
care of by lagooning, by burying, or by other methods, since in due 
time such sludge will begin to decompose and create nuisances. 

For a real understanding of the effect of ime on a foaming tank, 
it is necessary to discuss more in detail the causes and factors present 
in foaming. As stated above the addition of lime flocs out the sus- 
pended material, or in other words changes the distribution of solids. 
The change in distribution of the solids is not due to an inherent 
quality of the lime but to a change in the reaction of the medium. 
A similar change in distribution can be caused by acids. We have 
attempted to show that with a change in reaction bacterial activities 
change. Let us take a concrete example. When the reaction in a 
tank changes from slightly alkaline (7.3 to 7.6) to slightly acid 
(6.6 to 6.9) there is an increased movement of solid particles through 
the liquid. At the same time the production of CO, increases by a 
change in bacterial activities. The movement or dispersion of the 
suspended material caused by the initial increase in bacterial activ- 
ities causes the suspended materials to be broken up into smaller par- 
ticles ; this greater dispersion influences in turn again the rate of bac- 
terial activities with subsequent large quantities of organic acids 
and finally of CO,. The suspended material is divided into finer 
particles, and colloidal material increases. Only part of this material 
is attacked by organisms (unbalanced biological conditions), and the 
nitrogenous compounds increase making it a favorable medium for 
certain protozoa. The excretion products of the protozoa (partly 
CO,) add to the already increased CO, production. The medium 
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becomes gradually more acid and more charged with colloidal mate- 
rial, which is carried to the top by the gas bubbles. The dynamic move- 
ment of the colloidal material increases because of the change in 
reaction and the increased CO, pEdueed and more material is 
brought to the top. 

A series of determinations made on the surface tension of the 
liquid in a foaming tank, a non-foaming tank, and a tank which was 
near the danger line of foaming showed some interesting results. A 
series of determinations together with pH values is given in table 11. 
At the time when the determinations were made, tank 3 was on the 
danger line, (as indicated by the pH values), but did not foam; tank 4 
was apparently in good condition; and tank 5 was foaming. It can 
be seen from the table that the surface tension of the liquid of the 
foaming tank was persistently lower than that of the two other 
tanks. The drawing of sludge from tank 4 seemed to influence per- 
ceptibly the surface tension of the liquid. 


TABLE 11 


Surface Tension of Sewage Influent and E ffiuent and of 
the Liquid of Three Different Tanks 


Datesi issecks | july.i83) July.22 | July 23 | July 25 


DR as Bet Tt pH Tt bo aaa pH 
Unit influent..| 60.0 A 70.5 cps 61.0 7.4 67.2 1 
Liquidrtank a)--7G26) eu 55.5 Va 57.4 7.4 ree: 7.0 
Liquid: tank 4)" 55.15" "22 53.8 os 58.1 7.6 49.0* 73 
Liquid tank $8} 42.7 167. + 488 | 69. | > 45.d> | 7:00) ) eee 
Unit effluent..| 65.2 CAVE reel wih 61.5 ij eh 57.0 7.0 


* Sludge drawn. 
+ Tension in degrees cc. 


Bancroft? states that either an increase or a decrease in surface 
tension is sufficient to cause foaming in pure suspensions. It would 
be possible that changes in surface tension alone (as a result of bac- 
terial activities, which in turn are influenced by the reaction) cause 
foaming in tanks but it seems that two or more factors play a role. 
There is a close resemblance between froth (dispersion of liquid in 
liquid) and foam (dispersion of gas in liquid). In the first case the 
absorption film acts as an emulsifying agent and in the latter the 
absorption film may surround the gas bubbles in the foam. Soaps in 
lowering the surface tension concentrate at the interfaces. It is well 
known that fatty acids (oleic, lactic, etc.) are good frothing agents. 
In the digestion chamber a number of organic acids, like lactic, 
butyric, and acetic are found. These acids are produced and accumu- 
late particularly during the first stages of digestion, or are present 
when a tank is foaming. Keeping in mind that foaming (acid) occurs 
at a reaction below neutrality when the production of these acids 1s 
greatest and that a direct relation exists between the lowering of 
surface tension and certain fatty acids, we may assume that the 
presence of organic acids is a factor in foaming. 


1Bancroft, W. D. 1921. Applied Colloid Chemistry. New York. 
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As far as is known, every essential oil of the vegetable kingdom 
is a good frothing agent; salt water (ocean) is one mineral-frothing 
agent, phenol another, and so on. Nearly always when a tank begins 
to show signs of foaming, the alkalinity of the foam is far greater 
than either the liquid or the sludge. In a previous report (17) an 
example of this was given and is hereby partly reprinted for demon- 
stration : 


| FoaM | SLUDGE | Ligquip 
ENON ie Mt hae AO a | 8.0 | 6.8 | 6.8 
GES Sy Tey a Re. Hee a een 510 | 202 | 184 
PUTO WRT RAE ING ote chen: Mele Amar. | ib | 17, | 26 
NGETamerp eitiide ene 8 160 | 65 | 43 


It can be seen that pH values, carbonates, and ammonia were 
far higher in the foam than either in the liquid or sludge. Since 
the frothing agent concentrates at the interfaces, it is possible that 
under certain circumstances the ammonium carbonates are a factor 
in foaming. 

Before a statement is made about the possible action of lime let us 
recapitulate the facts stated above. When a tank is foaming we find: 

(a) Increased production of a specific gas (CO,); (0) increased 
organic acids; (c) lower surface tension; (d) more alkaline products 
in foam than either sludge or liquid (at beginning of foaming). 

It has been pointed out above that the addition of lime ultimately 
causes the direct or indirect production of large quantities of gas. If the 
rising gas alone was responsible for foaming we should observe this 
phenomenon most when gas production is greatest. When the total 
production of gases increases, the relative amounts of CO, increase 
also, and if we assumed that the finely divided material was carried 
up by the CO, bubbles to a larger extent than by CH, bubbles (differ- 
ence in surface tension of the two gases), foaming would still occur 
when gas production was highest, because at that time the relative 
quantities of CO, produced are greatest. 

The addition of lime to digesting material producing organic 
acids (fatty and mineral) causes their neutralization or the forma- 
tion of calcium salts and calcium soaps. The change in reaction causes 
coalescence of the finely divided material and this growth of the 
floc causes it to settle out. The alkaline materials produced, possibly 
acting as a frothing agent and carried up into the scum during foam- 
ing, remain in solution or suspension near the place of greatest biologi- 
cal activities, neutralize in turn the acids produced, and apparently 
“stimulate” activities of other groups of organisms by making the 
medium more favorable for them. Finally the flocking out of finely 
divided material would tend to change the viscosity of the liquid with 
a subsequent change in surface tension of the liquid. It-would thus 
appear that the physical action of the lime in a foaming tank, and 
probably in good working tanks as well, is a highly important factor. 
In addition we should not lose sight of the chemical action of the 
hydrated lime on the mineral compounds present, with the decomposi- 
tion of amines, ammonia and nitrogen gas are liberated, and the 
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ammonia forms with the CO,, ammonium carbonates. The ammonia 
is replaced by the lime. The chemical action of the lime on mineral 
acids, particularly sulfates, and also on acid carbonates will naturally 
be of importance. | 

Summarizing the discussion on the effect of lime on digestion we 
can state that probably several factors are of more or less importance: 
(a) its effect on the activities of microorganisms; (b) chemical reac- 
tions induced; (c) cause of change in physical conditions of digesting 
material. 

The effect on the activities of microorganisms may be: 1. making 
the medium more favorable for acid producing organisms; 2. inducing 
the establishment of a predominantly different flora; 3. making the 
medium less (or more) favorable for protozoa. 

Chemically it affects the organic and mineral acids and under 
certain circumstances favors the liberation of ammonia. 

Physically it floculates the finely divided materials (hydrophyllic 
colloids) changing the viscosity, and affects the surface tension of 
the liquid. , 


STUDIES ON FILM ACCUMULATION IN THE 
SPRINKLING FILTER BED 


W. Rupotrs AND D. PETERSON 


The filter bed investigations during the past year have dealt 
mainly with a study of the accumulation of film upon the stones. 
The object of the study has been to learn more about the physical 
nature of the film and the cause of its accumulation and sloughing. 

Figures upon the amount of moisture and solid matter and the 
percentage of organic and ash contents of the solids have been 
obtained each week. The film of one week’s deposit was studied and 
compared with the film accumulating from one sloughing period to 
the next, and during the sloughing process. 


Methods 


The samples of film collected were scraped from tiles in the cabi- 
net, which is pictured in our 1923-24 annual report (16, p. 52). As 
explained by Lackey (16), this cabinet makes it possible to take film 
from five tiles for each week in the year. The film on the tiles had 
been accumulating since the last sloughing period, as is the case with 
the stones, when samples were collected at definite intervals. The 
method of obtaining the film samples has been described (15). 


Immediately after collection, the wet film was weighed. The 


water content of the film was evaporated by placing the crucibles con- 
taining the film in an electric oven for 4 days. The dry film was then 
weighed and incinerated, and the organic and ash contents were cal- 
culated. The period of sampling extended from July 15, 1925, to 
June 16, 1926. 

Results 


The present study showed that the average weekly deposit of wet 
film upon a tile was approximately 3.5 gm. (fig. 39). The average 
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amount of solid matter in the weekly film deposit was 4 per cent., 
containing about 18 per cent. ash. The weekly variations in the 
amount of ash in the solid content ranged from 10 to 25 per cent. 
The percentages of solid matter and ash in the film showed a slight 
increase at the 5-foot level over the 3- and 1-foot levels. 


DRY FILM Foot LEVE 
ASH 
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29 if: 1 
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Fig. 39. The Average Weight of Weekly Deposits of Ash and Dry Film When 
_ the Film Was Allowed to Accumulate Between Sloughing Periods 


The process of film accumulation between the sloughing periods 
appears to take place in the following manner: 


After the film has been removed from the stones, during the sloughing, it 
begins to build up most rapidly at the surface. The lower levels of the bed 
then have less film than the upper. As the weight of the film at the upper 
levels of the bed increases it falls to lower levels. The falling to lower levels 
may be partly the result of its becoming too bulky and heavy to maintain its 
own weight and also the result of the washing downwards, by the spray from 
the sprinkling nozzles. (The effect of animals on film removal is discussed 
below. ) 
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The final result of this process is that the film becomes heavier at 
the bottom after a period of accumulation. When the sloughing 
period has passed, all of the old film is cleared away, and the process 
of accumulation once more begins to repeat itself. 

A comparison of the weights of the solid material of the film 
deposited at three different levels immediately after the September to 
October slough of 1925 and preceding the April to May slough of 
1926 verifies the above statements. The figures of table 12 and 
figure 40 indicate the trend. 

The film which was allowed to accumulate from 6 to 20 weeks 
showed in general a slight increase in the ash content of the dry film 
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Fig. 40. The Average Weekly Deposit in Grams on Each Tile, Where the 
Wet Film was Allowed to Accumulate to the» Dates Indicated 


over the ash content in the film of one week’s accumulation. Figure 
39 indicates the trend graphically at 1-, 3-, and 5-foot levels. Although 
fluctuations are apparent, the graph shows that the ash content of the 
film increased greatly at the lower level until September 23, 1925, 
when the fall slough commenced. The same trend was apparent in 
the spring until April 21, 1926. When the sloughing started it began 
at the upper levels. The film was carried down to the lower part of 
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the bed first and later all the lower deposit passed out with the effluent 
of the filter bed. The wet film which had accumulated for 14 and 
16 weeks weighed from 15 to 50 gm. per tile and contained about 4 
per cent. of solids 1 foot below the surface and 6 per cent. at the 5- 
foot depth. The bulk of such old film may contribute to cause the 
phenomenon of sloughing. 

A weekly census of the organisms of the film was taken from 
July to December, 1925. They were the same species and approxi- 
mately the same numbers as have been recorded present in previous 


FABER 12 


Manner of solid film accumulation between the fall and spring sloughs 
(film allowed to remain on the tiles) 


. | Dry Fitm 
DATES | 1-Foor Lever | 3-Foor Lever | 5-Foor LEver 

| gm. | gm. | gm. 
Dalal A DP a se eat ae Sees | 0.40 0.20 0.19 
Det Sa OAD aaa so. 1.59 0.45 0.34 
LN ahie 7a hen LUA a ae eee 0.75 0.27 0.40 
13 [oY cigars! WU A! 7ks Se let DALY eee 0.97 0.50 1.80 
ase LOCO ae kA 1.50 1.40 1.60 
LEST PAA Ry ee ee 0.26 0.75 1.10 
eb eLUeO eg tiptoe... oi 2.10 1.80 1.40 
Rebwed C1026. eke, 1.60 2.00 0.90 
Warde WOZOm ae eh 0.57 1.10 2.30 
A ar eA OG ese cee 1.80 1.40 4.10 
Weta) SUE eee ee 1.50 1.30 : 250 
SoS by jeyate tg) Sea tp alaneah Aaa ie Gaia 1.00 0.76 0.40 
Mayans 019266 2h) eee | 1.20 1.80 1.82 
lean LOCO dete beak 1.50 20 1.50 
June 2, 1926 Se 1.00 1.30 1.56 
ier) BI O2G. ee en 1.90 2.20 1.80 
Mae LURE CK eee eT be 2.70 | 1.70 1.70 


*Slough noticed in effluent. 


years. Figure 40 indicates graphically the fluctuations of the pro- 
tozoa and metozoa at three levels of the bed. Opercularia still re- 
mains the dominant protozoan organism in the film. Other protozoa 
which were numerous were Aspidisca, Lembus, Chilodon, Lionotus, 
Paramoecium, Colpoda, and Colpidium among the ciliates ; among the 
rhizopods were Amobae, Arcella, Euglypha, Trinema, and Difflugia. 
Fxactly the same species dominated as was noted by Lackey in 1925 
LAY; 

wf Discussion 

Chemical analyses have shown that nitrification is best shortly 
after sloughing, and decreases gradually with the increase in thick- 
ness of the film (15). Consequently such a large weight of film as 
accumulates prior to the slough is undesirable. In order to keep the 
filter bed at its maximum efficiency the film must be kept thin. Studies 
will be pursued in the future to learn what chemical substances will 
be of the greatest value in killing off the fauna and flora which 
obstruct the efficient operation of the filter bed. 
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If the amount of film accumulation could be kept so as not to 
exceed that of the weekly deposit on a tile the consistency of the film 
on the filter bed would not be the same as where it is allowed to accu- 
mulate for five months. Lackey (16) has pointed out the difference 
between one-week-old film which is mainly zooglea and ten-weeks- 
old film in which he noted three regions, the outer being thin zooglea, 
the middle a substratum for the outer, and the inner a thin black ooze 
or mud. 


The kind and amount of fauna and flora present on the bed un- 


doubtedly decide to a great extent the rate of accumulation of the 
film. A large number of living organisms utilizing the colloidal 
carbon compounds found in the liquid of the spray would necessarily 
build up the film and increase its solid and ash contents. Materials 
in solution (carbonates, sulfates) would further tend to increase the 
film by absorption. A heavy film deposit also tends to become a good 
receptacle for the ash content found in the colloidal material of the 
spray. 

It has been noted by Lackey (16) that annelid worms, nematodes, 
and rotifers were more numerous in old film than in film recently 
deposited. These large organisms necessarily leave more solid ex- 
creta than minute and microscopic forms and do not contribute toward 
oxidation of the spray. | 

The worms of the bed may be an important factor producing the 
striking phenomena called “sloughing.” If the film were kept con- 
stantly thin the seasonal slough would not be such a marked process. 


Since the time of sloughing, as pointed out in previous reports, 
has been hastened in the spring by an early rise of temperature and 
delayed in the fall by lateness of warm weather, it seems that the 
slough must be due in part to a change in the flora of the bed caused 
by the variations of the seasons. The temperature of the season also 
hastens or delays the development of the ova of the annelid worms 
and nematodes which are deposited in the film. When the annelid 
worms appear in enormous numbers they loosen the film and it is 
easily washed out by the spray from the nozzles. Therefore, the 
slough, as considered by Crozier and Harris (4) may be intimately 
connected with the number of annelid worms and nematodes present 
in the film. The time of sloughing may depend upon their physiology 
and development; and the loosening of the film upon their writhing 
habits. 

The seasonal slough may be due to more than one factor; it may 
be the combination of several natural phenomena. The weight of 
the old film may be one reason, the seasonal succession of fungi a 
second, and the favorable habitat afforded in the old film for the 
existence of large metazoan animals a third reason. 


It is of interest to consider somewhat more in detail, on the basis 
of the data obtained, what seems to be happening in the different 
layers of the filter bed. The purpose of a filter bed is, or should 
be, oxidation of material in solution and suspension coming from the 
tanks. ‘The average ash content of film removed every week (new 
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film) between two sloughing periods is low at the top, increases at 
the 3-foot level and decreases again at the 5-foot level. It has been 
found in our laboratory* that the organic colloidal material coming 
from the tanks and sprayed on the beds contains from 30 to 40 per 
cent. ash. 

When the film is thin the sewage sprayed on the bed flows through 
comparatively large channels between the stones, but when the film 
becomes thick these channels decrease in size. In case the film be- 
comes too thick, clogging of the bed results. The film considered as 
a retainer of suspended matter could be compared with a sieve. A 
thin film will be able to retain only a portion of this suspended mate- 
rial and most of it will be washed down to the interior of the bed. 
The greatest collection of this organic matter 1s apparently near the 
3-foot level, since the ash content is greatest. A smaller portion is 
washed further down, with the results that the ash content of the film 
at the 5-foot level decreases again. 

The sieve-like action of the film is, however, only part of the 
story. Aside from organic colloids the sewage thrown on the beds 
contains soluble materials. ‘These soluble materials are oxidized by 
bacterial action. Assuming that this soluble material is oxidized 
fairly uniformly throughout the bed when the film is thin, the pro- 
cedure outlined above will hold. If, however, as might be assumed 
with greater accuracy, especially in the light of what follows, the 
oxidation of soluble material is greatest nearer the top (when a thin 
film is present) the argument is even stronger because the ash con- 
tent of the top layer, in spite of this oxidation, is less than at the 
3-foot level. A uniform thickness of film throughout the bed might 
conceivably be compared, at least as far as strainability and possibly 
as an oxidizing agent are concerned, with a thicker film covering fewer 
stones. With the gradual building up of the film the amounts of 
organic matter retained would therefore be increased and its, ash con- 
tent should increase. A comparison of the ash contents of accumu- 
lated (old) film with the ash content of film removed every week 
(new film) shows at once the average ash content in the old film is 
higher throughout the bed, but especially at the top and at the 5-foot 
level. 

Just after sloughing, when the film is thin, the colloidal material 
is only partly retained and mostly washed down. When the filter is 
gradually building up, more and more of this colloidal matter will 
be deposited in this film, and naturally most of it will be nearest the 
top. The ash content of the colloidal matter is far higher than that 
of the film; therefore, the ash content will increase at a faster rate 
at the top layer than further down. This colloidal material, carrying 
large numbers of putrefactive organisms, begins to decompose, accom- 
panied by odors. The rate of reduction of this organic matter in- 
creases and gradually overbalances the rate of oxidation, which ex- 
plains part of the findings published in our third annual report (16). 
As soon as the colloidal material retained by the top layer is partly 


* Unpublished data. 
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Fig. 41. Comparison of the Variations in the Per Cent. Ash in Film One 
Week Old and Film Which Was Allowed to Accumulate on the Tiles 


decomposed, the decomposition products are washed down by suc- 
cessive sprays, and oxidation sets in. At the 3-foot level, the rate of 


reduction of organic material is about equal to the rate of oxidation ~ 


with the result that the average ash content increases in the old film. 
If this deduction is correct, the ash content of old film at this level 
should be nearly the same as the ash content of new film. This is 
actually the case. As soon as the rate of oxidation in the old film is 
greater than the rate of reduction (5-foot level) the ash content 
increases again, not only in relation to the 3-foot level, but also in 
relation to the new film. The result then is that with old film the ash 


q 
a 
‘ 


a a ee 


EXPERIMENT STATION REPORT 505 


content at the bottom of the bed is caused by oxidation, whereas the 
ash content at the top is caused by retained colloidal matter from the 
tanks. If it is kept in mind that the percentage of solids increased 
with the depth of the bed, it is clear that the data picture the condi- 
tions less forcefully than the changes in the bed warrant. 


In our 1923 report (15) it was pointed out that the solids are 
thrown on the bed at a fairly constant rate throughout the year, and 
that turbidity always decreases most between the 3- and 5-foot levels. 
The latter fact can be cited as additional evidence for the contention 
that the chemical reduction of colloidal material at the 3-foot level 
equals about the oxidation and that the rate of oxidation further 
down overbalances the rate of reduction. 


Since fresh solids deposited from the tanks on the film are not 
ready for the nitrification process, and since the more rapidly solids 
are deposited on the bed the less its efficiency, it is clear that the 
depth of a bed is dependent on the load it is receiving. A thin film 
around the stones will oxidize the material thrown on the bed more 
rapidly, on account of the many small channels, or, in other words, 
on account of large surface area coming in contact with the sewage 
flowing through. However, if a bed is overloaded a good deal of 
the colloidal material will pass through the bed into the. effluent and 
will be deposited in the stream receiving the effluent. It is clear, 
therefore, that artificial means of keeping the film thin around the 
stones, will result in enhanced oxidation, but such a film will not take 
care of overloading. It is clear also that the region of greatest 
oxidation in the bed will depend on the amount of solids to be han- 
dled. The above analyses suggest to designers that the depth of a 
filter bed should depend on the amounts (concentration) of solids to 
be handled. It will be a question of economics whether more area 
or more depth is desired. From the Plainfield experiments it would 
seem that with an average of 75 p.p.m suspended solids to be handled, 
the beds can not be less than 6 feet deep. However, it is possible 
that by returning a part of the effluent to the bed, the stability of the 
effluent can be increased. 


Summary 


Data collected on old and new film throughout one year showed 
fluctuations, but there is a general trend. The average amount of 
wet film deposited upon a tile each week weighed approximately 3.5 
gem. with a variation of 2 to 5 per cent. solids (average 4 per cent.). 
The rate of film deposit was not uniform throughout the bed in 
regard to total deposit, amount of solids, and percentage of ash. 

The older film showed a fluctuating but gradual increase in solids 
content from one sloughing period until the next, with increasing 
percentage of ash. 

The action and efficiency of new and old film throughout the bed 
changed according to its accumulation. 

It is suggested that the design of a filter bed should depend on the 
amounts of solids to be handled. 
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DISTRIBUTION AND SUCCESSION OF PROTOZOA 
IN IMHOFF TANKS 


James B. LAcKEy 


Introduction 


Since the digestion of raw sewage is a biological process, and 
since Imhoff tanks show a separation of their contents into definite 
layers or strata, it is worth while, from the viewpoint of the sewage 
operator, to inquire into the biological conditions in these various 
strata. Any localization of digestion should involve a corresponding 
localization of the biological factors involved. Whether the aggre- 
gation of these factors is a cause or an effect, may not be answered 
easily, but it is easily determined, and it may at least prove to be a 
valuable indicator. 

The animal population of Imhoff tanks has been shown to consist 
almost entirely of protozoa. The most important and most numer- 
ous species which have been found so far are described and figured 
in a prior paper (10). They are apparently to a large extent sapro- 
pelic forms, that is, able to live on the dissolved organic matter, with- 
out having to take in solid food, but may feed on bacteria to a con- 
siderable extent. Now, if the protozoa occur in sufficient numbers, 
especially the sapropelic forms, they may prove to be of much greater 
value in the digestive processes than previously has been realized. 
Although they never approach the numbers of the bacteria (16), their 
greater size may lend them the importance in comparison which they 
lack in numbers (11). Certain of the flagellates often group in huge 
quantities about bits of organic matter and ingest it, in which case 
they decompose the material and may be an aid in digestion. 

This animal population shows considerable variation in the dif- 
ferent strata. When a tank has scum, liquid, and sludge layers, the 
variation is often great. It also varies enormously through periods 
of time, being greatest when foaming occurs, and smallest when a 
tank has had a long resting period. In a tank which has no seal of 
scum the protozoa may even vary to some extent in kind from a tank 
which is so sealed. 

Up to the present there has been no absolute knowledge of any 
localization of digestion at any point in the tanks. But if it is occur- 
ring uniformly throughout the depth, might we not expect a uniform 
distribution of animals throughout? If there is no such uniform 
distribution of animals, with what are the maximum and minimum 
points correlated? Temperature and pH vary but little with depth; 
and the vertical distribution of organic solids and bacteria is known 
to a certain extent. Answers to the above questions are sought in 
the work detailed below. 

The greater part of the investigations were carried out at the 
Plainfield, New Jersey, plant. Work was not confined to any one 
of the battery of six tanks, but all of them were investigated at one 
time or another. 
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A part of the routine work at the sewage investigations laboratory 
was a weekly or semi-weekly examination of the scum, liquid, and 
sludge from one of the tanks. But in this work, samples from 3 
levels only were taken, and it was soon felt that this was not an 
accurate picture of the distribution of the protozoa. The only other 
work done on their distribution was that of Hausman (7), who also 
studied these levels, and it is necessary to study more levels than the 
three on which this curve was based. 

Accordingly counts were made, for which samples were taken at 
1- and 2-foot intervals. Since the population in a tank which was 
foaming was shown to be quite different from that in one which was 
not, tanks in both conditions were studied. To obtain a good sample 
it was necessary to have a self-closing bottle which is described else- 
where (10); with this, and a direct method of counting, a fairly 
accurate enumeration of the protozoan population is obtainable. 


Results 


Relative Numbers 

There is never any large number of rhizopods in the tanks. The 
few shelled amoebae are usually found in the sludge, and only rarely 
are live ones encountered. Small amoebae sometimes occur in fairly 
large numbers, but these may be amoeboid phases of flagellates. 

Flagellates are by far the most numerous. There is not a large 
variety of them and only a few ever occur in great numbers. Occa- 
sionally one species will occur in numbers up to 250,000 per cubic 
centimeter ; at one such time they outnumbered the ciliates by about 
80 to 1. Such a high ratio is rather uncommon in the liquid layer, 
between the scum and the sludge; it is usually lower in the sludge. 
The ciliates rarely ever reach 20,000 per cubic centimeter. Daily 
fluctuations are enormous, and under certain conditions a tank may 
become absolutely barren of protozoan life, as far as is revealed by 
the ordinary methods of sampling and counting. 


Vertical Distribution 


No generalization can be made as to the vertical distribution of 
ciliates, and only a probable one can be made concerning the flagel- 
lates. It is seen to vary a great deal and this variation is due, appar- 
ently, to the state of the tank. Thus when a tank foams large num- 
bers are carried up into the scum, and an aggregation may occur at 
the surface. Or if a tank rests for a long period, scum and sludge 
may become so dense that the protozoa mostly live in the liquid. 
Figure 43 represents the numbers of flagellates and ciliates per cubic 
centimeter at the 7-foot level in tank 3, during 22 months. During 
a part of this time, samples were also taken from the scum, and from 
the sludge. After plotting the results obtained from these samples, 
it was found that the fluctuations in the numbers of protozoa from 
these two levels followed the curve for the 7-foot level almost exactly. 
There were far fewer animals in the scum than in the liquid, and 
almost always fewer in the sludge than in the liquid. For these rea- 
sons only the distribution in the liquid is given. It must be noted, 
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however, that there were usually more ciliates in the sludge sample 
than in the liquid sample, as shown by table 13. This has been the 
case consistently, and for a long time it was assumed that the ciliate 
population of the sludge was higher than that of the liquid. Basing 
such an assumption on examinations of only two levels, that is, at 7 
feet in the liquid, and at the bottom in the sludge, was felt to be a 


1- FOOT LEVEL 
400 


200 3 
O if ces ae 
(Cae Sa elas 3 
PROTOZOA 
ed | METAZOA 
uj} 600 
Ou 
wy 400 
ae 
z= 
< 2100 
wn 
= 
S&S Psa 
Bb Syeet 
Q 


= 


600 
400 


200 


= 
cs 
ee 
ase 
Bas 
Be: 
ee 
Ee 


JUN. JUL. AUG. W..9 SER OCT. NOV. DEC. 
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faulty procedure; therefore, more detailed sampling of the tanks was 
undertaken at various times. Eleven examinations were made. 

The first detailed study of vertical distribution was made between 
September 12 and October 17, 1923. Samples were taken at some- 
what scattered intervals throughout the depth, in tank 2. Figure 44 
shows how maximum ciliate and flagellate points move during this 
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TABLE 13 
Protozoa present in one cubic centimeter of liquid and sludge 
DATE FLAGELLATES CILIATES 
1924 Liquid | Sludge Liquid | Sludge 
TAN ho atl ERROR el tee 84000 77000 3400 11400 
Poe. 246000 113000 1700 7600 
Oe eee oie 67000 50000 2500 10100 
Dine 30000 30000 3000 8500 
is a ao Ree 19000 8000 2500 5900 
13 eplaeds ne e 2000 800 800 1700 
Vga. 30s eee 20000 20000 2500 2500 
tty Bane 88000 25000 1300 8500 
( area 155000 93000 3000 2500 
NOs et ee 244000 149000 3000 4700 
1 Merete te A 148000 73000 2100 6000 
Ly pe Oteree | 218000 70000 7600 10800 
time. It is thus seen that the peak for the flagellates shifted from 


the liquid to the scum, whereas that for the ciliates shifted from the 
liquid to the scum, then to the sludge. 

Next, tank 6 was studied. It was first examined on March 25, 
1924, when it had been in operation 24 hours, subsequent to a 3 
months’ rest. 


Samples were taken as follows: 


Liquid at 9 feet 
Liquid at 11 feet 
Sludge at 13 feet 
Sludge at 15 feet 


Scum at surface 
Scum at 1 foot 
Liquid at 3 feet 
Liquid at 5 feet 
Liquid at 7 feet 


The distribution of protozoa in this tank is shown in figure 45. 
The numbers of ciliates are comparatively very small, but on a priori 
grounds one would expect this because of a diminishing food supply. 
It is not exactly known how the 3 months of rest had affected the 
bacterial population of the tank, but there must certainly have been a 
constant diminution of food supply for the sapropelic protozoa. 
Although the work of Peters (13) and others has shown that bacteria 
are not necessary as a food for some ciliates, they might be utilized 
by the forms present here, and their presence or absence should be 
known, though the small flagellates could have taken their place. 
This matter, however, will be discussed elsewhere. Then, too, the 
small amount of available oxygen might have steadily decreased, and 
unless the protozoa present are true anaerobes, this would have led 
to a further curtailment of numbers. 

From figure 44 it will be seen that the whole ciliate occurrence is 
in the liquid, and that there is not a great variation in numbers. The 
maximum, at 11 feet, is about 3 feet above the sludge. Comparing 
this maximum with the -series of studies of September to October 
(fig. 44), we find that on September 12, the maximum was at 8 feet; 
on September 17, 6 feet; on September 25 the greatest numbers were 
in the scum, but the next highest number was at 13 feet. On October 
5 the second maximum was in the sludge, and on October 13 and 
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October 17, the maximum was there, but in the last two cases there 
was a decided increase just above the sludge. In none of these 6 
analyses was there a maximum at 5 feet, where the liquid sample for 
routine counts are ordinarily taken. 

On April 9 the second detailed examination of this tank was made. 
The tank had been in operation since March 24 and was not function- 
ing normally, as there was no clear liquid. It was almost impossible 


Sep. Oct. 


Fig. 44. Points of Maximum Ciliate and Flagellate Occurrence in Tank 2, 
September 12 to October 17, 1923 


to tell where the sludge and liquid met. The liquid was neutral 
(pH 7.0), but there were very few protozoa found. Maximum 
ciliate occurrence was in the scum; at only two points in the sludge 
were any recorded—a single Trimyema in each of these two samples. 

On March 20 a similar examination was made of tank 3. This 
tank was foaming over at the time, and had been thrown out of opera- 
tion on March 19 after a working period of 26 days. Ciliates were 
found from the surface to the depth of 17 feet (in the sludge). 
Numbers were not unusually large, and the maximum—4500—was 
just under the scum at 5 feet, though this really corresponds to the 
3-foot level in tanks not foaming, as there was about 4% feet of 
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scum here. The second maximum was at 13 feet, just above the 
sludge, and the third was at the surface of the scum. This last high 
point is accounted for by the fact that the bubbles of gas carry the 
organisms to the surface, where they accumulate. 


Tank 3 was again studied on April.4 and the maximum ciliate 
concentration—/400—was in the scum at a depth of 1 foot. Figure 
46 shows the distribution of the protozoa. The highest number in 
the liquid was 4000 and in the sludge was 5300. 


Finally, a survey was made of tank 3 on October 28. At this 
time the tank was foaming badly, the foam pouring into the flow com- 
partment and partly filling it. The scum was thin and viscous. This 
tank was known to have a fairly large protozoan population at the 
time, although tank 5, examined the previous day, contained but few 
protozoa. Because tank 3 was practically a septic tank on this date, 
there was but little sludge in it, and the protozoan population extended 
to the bottom apparently, though no samples were obtained between 15 
and 22 feet. In this tank there was no maximum at the surface, for 
the protozoa carried up were dumped into the flow compartment when 
the scum overflowed. The ciliate peak was at 5 feet, just underneath 
the scum, and the flagellate peak was at 9 feet. Figure 47 shows the 
distribution of animals in the tank. It is highly probable that a tank 
having a sapropelic population as large as this, averaging 40,000 per 
cubic centimeter, must have its digestion materially affected by pro- 
tozoa. Attention might be called heré to the seeding of the filter beds 
with protozoa from the tanks. Ordinarily as many protozoa leave a 
tank as are entering it, but when a tank is foaming, far larger num- 
bers are thrown on the beds. When these organisms find a compara- 
tively thin film on the beds they disappear, but with heavy old film in 
the process of decomposition, they remain longer. 


It will be noted that in none of these five detailed studies was the 
maximum ciliate occurrence in the sludge; and in only two instances 
of the six studies from September 12 to October 17 was it in the 
sludge. Out of all cases then, the maximum occurred six times in 
the liquid; in the scum three times; and in the sludge twice. It is 
therefore only possible to say that figure 43 represents the true con- 
ditions of ciliate occurrence when a tank is not foaming. The reason 
for fluctuations in numbers, when the tank is in a more or less unsat- 
isfactory stage, is clearly due to the movement of the solids in the 
tank (compare conclusion Peterson paper, p. 505), and explains why 
the maximum ciliates move only occasionally out of the liquid. 


One notable exception to this has been in the case of tank 5. 
After it was put into operation in April, 1924, it quickly developed a 
fairly large protozoan count. For five or six months the numbers 
of small flagellates in the sludge were greater than in the liquid. But 
there were sudden and numerous fluctuations during all of this time. 
And by October. of that year the numbers had decreased in both 
liquid and sludge, and were more uniform. ‘There were more in the 
liquid than in the sludge; this remained true as long thereafter as 
counts were made on this tank. Apparently it did not get to a nor- 
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Fig. 45. Distribution of Protozoa in Tank 6, March 25, 1924 


mal condition then, for some months, after being reseeded, but when 
it finally did, the maximum flagellate occurrence was around 7 feet. 

It is worth noting that the great increases of flagellate population 
are in the liquid. Large numbers of flagellates in the scum have so 
far been associated with foaming, and it is assumed that they are car- 
ried up by the gas bubbles, but where a peak occurs in the liquid 
there are increases in the sludge, and usually in the scum also. 

A study of the figures presented will enable us to dispose of the 
vertical distribution of the flagellates at once. The investigations 
show that there is a constant tendency to group near the 7-foot level, 
and that this arrangement is seldom disturbed. There is no absolute 
uniformity of vertical distribution, as in figure-45, but minor fluctua- 
tions occur, as shown in figure 46. These are not so important, and 
are to be expected. There is possibly no need to attempt an explana- 
tion of them. The apparent constant maximum concentration of the 
flagellates near the 7-foot level, however, is different. It involves a 
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detailed consideration of their function in the tanks, and this in turn 
involves their time distribution. 


Monthly Variations in Numbers 


For a study of monthly distributions of the tank protozoa, it 
would be necessary to take into account many factors. The ideal 
situation would be frequent examinations of a tank that functioned 
normally for at least a year, the observations to be supplemented by 
chemical analyses, observations on the type of sewage, records of 
temperature and pH changes, and so on. The above data are avail- 
able for the Plainfield plant, but not altogether for a normally func- 
tioning tank. Foaming has been a cause of much trouble at this 
plant, and it has been necessary to take into consideration both periods 
of foaming and periods of long rest. 

Temperature is evidently not a factor to be considered. The 
tank temperatures vary slowly. Laboratory observations on pure cul- 
tures of some of the tank protozoa and on mixed cultures of prac- 
tically all of them show that under experimental conditions at least, 
they are independent of a much wider range than the tank tempera- 
tures show. Cultures have been kept both at room temperature and 
in the ice box, and do well in both situations. Days and weeks may 
pass with little or no temperature changes in the tanks, whereas, as 
shown by figure 43, a few days suffice to bring about enormous 
changes in the tank population. No seasonal changes have been 
evident in mass population, at this plant. Records have been kept 
for each of the more common ciliates, however, and they seem to 
show a slight seasonal succession. 

Of the ciliates, Haqlophrya is practically constant in the tanks, 
though it is perhaps most numerous in the spring months or late 
winter. Saprodinium has been most abundant in tank 3 in early 
spring, Trimyema in late fall. 

Metopus has become common in tank 3 only within the last year, 
especially in the spring. But it was for a while the dominant ciliate 
in tank 5. Tank 3 has had more ciliates this spring than at any time 
since work was begun, and one of them, Hexrotrichia caudatum, is 
new. It may be called a rare ciliate, but in the early summer of 1924 
was present in some numbers in tank 5, then disappeared. It has 
been found again in 1925 in tanks 3, 4, and 5, but its appearance is 
more apt to be due to other factors than to change of temperature. 
Data secured so far seem to indicate that there is very little seasonal 
succession even for individual species. This statement cannot be 
held true for tanks which are working normally with no foaming, 
and which show greater extremes of winter and summer temperature. 

What, then, are the factors determining the rise and fall, both 
of mass population and of isolated species? Hydrogen-ion concen- 
tration variation has been investigated. Different sewage plants 
report a wide variance in pH, and there is a natural variation in any 
tank, from day to day. Following are some of the different pH 
values, and the corresponding numbers of animals in the liquid in 
tank 2. 
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| Condition | Ciliates Flagellates 

Date pH of Per Cubic Per Cubic 

| Tank Centimeter | Centimeter 
DPA VOM peewee tere 1 Be Resting 4000 151000 
[Pr se Se lid Working 600 27000 
[Tia a aera Soe 7.0 Working 1300 67000 
Pep S 26 ee eee 7.0 Working 400 7000 
ehare eee ers 6.9 Resting 6700 76000 
Mata Siciecte.ce.2 i222 | 6.9 Working 1000 9000 
aie VA gE Te 6.9 Resting | 62000 
(Pinte 3 eee Sere AZ Resting 114000 
(pb bce See Fie Resting 151000 
Jat 2 ee ee 7x Resting 46000 
apie ec ite, a ie 255 Working 23000 
UE cn eee | Working 39000 


The above figures appear to indicate that the animal population is 
independent of the range of changes for the tank. The range is a 
restricted one and the changes are gradual, admitting of adjustment 
on the part of the animals. Laboratory experiments on mixed cul- 
tures of flagellates, ciliates, and rhizopods have been made, wherein 
the pH was adjusted in increments of 0.2, between 7.0 and 4.6, using 
the medium found satisfactory for the growth of these organisms, 
with citric acid and phosphoric acid to adjust the hydrogen-ion con- 
centration. Some of the organisms quickly died off; others showed 
a favorable reaction to a pH as low as 6.2. Such a condition might 
obtain among the varied organisms of the tank, but it appears that 
hydrogen-ion concentration changes are at best only a contributing 
factor in the fluctuations. That they are possibly a contributing 
factor must be kept in mind, however, for when the greatest numbers 
of animals have been noted in tank 3, the tank was most alkaline. 
Thus on February 13, 1925, tank 3 had 344,000 per cubic centimeter 
and the pH was 7.5 (see also effect of lime on digestion, p. 412). A 
sample of liquid received from Eveleth, Minnesota, had a pH of 7.0 
and contained relatively large numbers of small flagellates and ciliates, 
normal in appearance and of the types peculiar to the Plainfield plant. 


Inversely, it may be asked if the protozoa affect the pH of the 
tanks. There is a slight decrease in alkalinity from the bottom of 
the tanks upward, and this may easily be due to substances such as 
CO, liberated by these animals, since their numbers likewise show a 
vertical increase upward. 


Food supply may determine both seasonal and vertical distribu- 
tion. This in turn would be largely determined by working and rest- 
ing periods. But what is the food of the tank fauna? Many of the 
animals are saprozoic, but some are holozoic. Most of the flagellates 
seem to be saprozoic and certainly the ones which are most abundant 
cannot be seen to ingest, nor do stained specimens show bacteria 
within their bodies. There is an abundance of dissolved food for 
the saprozoic forms. Numbers of Metopus may often be seen aggre- 
gated about masses of fecal matter, on slides of fresh tank material. 
But careful and long observation (using a magnification of 690 diame- 
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ters) has failed to reveal that bacteria or fecal matter are being 
ingested, and no food vacuoles are formed. Since such masses offer 
a locus for the aggregation of bacteria, either supposition is tenable. 
But the presence of large numbers of saprozoic protozoa may be 
considered a fact. It may be a very significant fact, too, for the 
sewage operator is interested in those organisms which reduce his 
fresh solids; in a tank which has rested for a long time and where 
digestion has proceeded almost to stability, there 1s still a large bac- 
terial population, whereas the protozoa are etther few or lacking 
altogether. The suppositions thus indicated. are startling. They 
point out the need for a knowledge of what groups of bacteria are 
present in tanks at various times; in a “cycle” of digestion, how a 
tank might digest which is defaunated with respect to protozoa, and 
a number of other similar problems (see also lime digestion experi- 
ments, p. 412). 

Perhaps the primary emphasis here should be laid on the faunal 
difference between an operating tank and one that is shut off. The 
one in operation has a distinct fauna, and the longer the tank runs, 
the larger becomes its fauna. A tank which is shut off quickly loses 
its fauna and reaches a state of stability. Thus tank 3 has shown a 
decrease in its fauna every time it has been shut off, and an increase 
in its fauna whenever it was again put in operation. If this were 
fully carried out, a sufficiently long resting period should completely 
defaunate a tank. On 6 different occasions tanks have been examined 
after resting periods of varying lengths and no protozoa were found. 
A contrast is offered in the case of tank 4 and tank 3 in this respect. 
On April 20, tank 4 was shut off. The decline of its fauna is shown 
in figure 48. On October 16, 1924, the fauna of tank 3 was about 
normal, and it was put into operation after a short resting period. 
This period of operation was continued and the tank eventually began 
to foam. The upward trend of its population was at once apparent, 
and until June, 1925, never subsided, though it fluctuated widely. 
It has gone as high as 650,000 protozoa per cubic centimeter. 

A study of the suspended solids may help here. On September 
17, 1923, the solids in tank 2 showed a sudden rise, reaching a maxi- 
mum on September 25. There was never an enormous increase in 
protozoa (fig. 44) during the time this tank was studied, the num- 
bers of flagellates and ciliates being low; the maximum total popula- 
tion occurred on September 17 for flagellates and on September 25 
for ciliates. On September 17 the solids were greatest in the sludge, 
next in the scum. The ciliate peak on that date was in the scum. 
The ciliates feeding on bacteria had an abundant food supply at the 
time, for the increase in solids meant an increase in bacteria, and so 
we can assume that an increase in solids should mean an increase in 
ciliate population, at least. The most detailed analysis of the fresh 
solids was made for tank 3, on October 28, 1924. As shown in 
figure 47, the protozoan count follows the distribution of the volatile 
matter in the tanks, and not necessarily the total solids. Both ciliates 
and flagellates are most numerous near the point of greatest concen- 
tration of volatile matter; this is the customary point for the group- 
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ing of the flagellates, and may not be significant for them, whereas 
it may be for the ciliates. No bacterial counts are available for this 
study. 

On April 9, the peak for ciliates coincided with the peaks for 
bacteria and for solids, in tank 6. .The ciliate peak coincided with 
the bacterial peak in tank 3 on April 4, as shown in figure 46, but the 
distribution of the solids is not known for this date. 

The flagellates, then, are apparently independent of these factors, 
whereas the ciliates are apparently dependent on the two to some 
extent. Grouping of the bacteria around solid particles is normal, 
but to prove that the ciliates are eating either bacteria or solids is 
quite another matter. Shutting off a tank at once tends to localize 
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Fig. 47. Distribution of Protozoa and of Solids in Tank 3, October 28, 1924 
(Solids, Ash, and Volatile Matter in Percentages on Wet Basis ) 


the solids in sludge and scum, and starts a decrease in the amount 
of volatile matter. The flagellates do not follow the bacterial counts, 
but they do follow the working and resting periods of a tank very 
closely, increasing when a tank works, but not decreasing when the 
tank is shut off, as soon as do the ciliates. For the ciliates, a working 
period starts an increase at once, but a resting period of more than 
four days is sufficient to cause a decrease in their numbers. 

Since the bacteria never disappear from a tank, it may be argued 
that shutting off the tank shuts off a non-bacterial food supply and is 
responsible for the decrease of protozoa. Tank 4 was shut off for 
a period of several months at one time; its protozoa quickly died out, 
although 6 weeks after shutting off the tank, bacteria of a rod type 
were so numerous “as to give the impression of looking at a centri- 
fuged mass of them.’’ And while there were, therefore, easily enough 
bacteria for food, they may not have been of the proper kinds, since 
it has been demonstrated that certain strains of bacteria apparently 
serve as food for ciliates, whereas others are not used (14). The 
continual presence of bacteria, however, and the fact that many of 
the tank protozoa are known saprozoic forms, is a strong indication 
that the invariable decrease of protozoa attendant on shutting off a 
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tank is due to shutting off the food supply. Some of the flagellates 
are known to be saprozoic forms (inhabiting the lower part of the 
human digestive tract), and this would certainly be true for them 
(8). The saprozoic forms, if present in large numbers, would quickly 
use up available food; even if present in small numbers, they subsist 
on food of such a nature that it would not long remain available in 
a tank. 

It was at one time thought that lack of oxygen might be respon- 
sible for the decline in numbers of protozoa. The history of tank 4 
(fig. 48) was cited as possible evidence, but it has been proved that 
any tank, resting or working, has a very low percentage of dissolved 
oxygen. Cole (3) and Juday (9) have shown that small amounts 
of oxygen are available from other sources, and that many protozoa 
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Fig. 48. Behavior of Protozoa in Tank 4 When It Was Set Aside for Sludge 
Storage 


live in oxygen-free waters. Furthermore, tank protozoa, for the 
most part, can only be carried as laboratory cultures in Novy or 
Smillie jars from which the air is exhausted, although this air is 
usually replaced by H.S or CO,, either generated within the jar by 
the living organisms or introduced. Lack of oxygen, therefore, be- 
comes a necessity rather than a limiting factor. 

Now and then the numbers of protozoa show sharp increases or 
decreases, independently of foaming or shutting down. These are 
due to some deviation in the nature of the sewage. They usually 
adjust themselves quickly unless the disturbing factor in the sewage 
remains. Sewage receiving industrial wastes is very susceptible to 
such fluctuations, and if there is enough of such wastes, the tanks 
may be altogether lacking in a fauna. Because Imhoff tanks depend 
on biological processes, effects of trade wastes on protozoa and bac- 
teria should be investigated before a town permits emptying of such 
material into its sewage disposal plant. 
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We have, then, in each of the strata of the tanks, two groups of 
protozoa, the flagellates and the ciliates, whose increases and decreases 
follow each other closely. It is seen that there is no fixed point about 
which the ciliates group themselves, ands it appears that they are 
dependent on the’ localization of the fresh solids and the bacteria, one 
or both of which they utilize as food. The flagellates constantly 
group about the 7-foot level, and apparently utilize as food dissolved 
organic matter in the raw incoming sewage. No reason for the 
grouping at the 7-foot level can be assigned, unless it be a mechanical 
one, dependent on the structure of the tanks, this being the point 
where the narrowest part of the vent begins. 


That the protozoa represent a fixed group, seems evident from 
studies at Plainfield and from samples obtained from other sources. 
When tank 5 was put in operation after remodeling, it necessarily 
received a diverse fauna. As the tank gradually became normal; 
i. e., lost its oxygen and separated into scum, liquid, and sludge, cer- 
tain protozoa succeeded each other in dominance of numbers. ‘The 
population of this tank was later confined mainly to the common 
tank ciliates and flagellates. 

Other tanks throughout the country seem to have practically the 
same population. Occasional changes occur. In tank 3, Heteronema 
has appeared in numbers at times, but each time, after reaching large 
numbers, has apparently died out. Oxytrichia has done the same 
thing and Hexotrichia is even more conspicuous in this regard. But 
these forms do not find the environment quite suitable and hence pass 
out. 

What, then, are the significant points with regard to the protozoa? 
Their correlation with foaming has previously been pointed out (11). 
If bacteria can take care of only a certain amount of material in the 
tanks without disturbing the biological balance, i. e., if there is a 
numerical relation between the bacterial maximum and the amount 
of sewage, the protozoa begin to function beyond this point. The 
bacteria may be able to digest a certain amount of sewage, and an 
increase in this amount means larger numbers of protozoa, but it also 
means an overloaded tank, and hence foaming. They digest sewage, 
evidently, but they cannot stop the foaming; or in digesting the over- 
load, they add to the tank products which cause foaming. In either 
case, they mark a danger point for the tank, and if their increase be 
noted, the tank should be shut off, or, better, corrected with lime. 


Summary and Conclusions 


1. Flagellates are far more numerous than ciliates in Imhoff tanks. 

2. Vertically, flagellates are present in maximum numbers usually be- 
tween 5 and 7 feet. 

i There is no definitely located point for the ciliate maximum; it varies 
greatly. 

4. There is as yet no proof of a well-defined seasonal succession for any 
of the protozoa. 
a 5. Tanks which are not foaming have relatively small protozoan popu- 
ations. 
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6. The numbers of protozoa decrease to the point of defaunation in tanks 
which are shut off; conversely, they increase enormously if a tank runs 
indefinitely. 
Their numbers are independent of the observed ranges of .H-ion con- 

centration and temperature inethe tanks. 
. 8. They are largely sapropelic forms, so a continuously running tank 
offers a constant food supply for them. 

9. There is an absolute correlation between large increases in their num- 
bers and foaming. 

10. No definite explanation is at hand for the part they play in foaming. 
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Report of the Department of Soil Chemistry 
and Bacteriology 


Jacosp G. LIPMAN 
AUGUSTINE W. BLAIR 


THE AVAILABILITY OF NITROGEN IN NITRATE OF 
SODA, AMMONIUM SULFATE, AND DRIED 
BLOOD WITH VARYING RATIOS 
OF PHOSPHORIC ACID 
AND POTASH 


Season 1925 


The work here reported was started in 1922. Reports for the years 1922 
to 1924 have already appeared (1, 2, 3), but for convenience a brief statement 
of the plan of the experiment as reported in the work for 1924 is included here. 


Plan of Experiment 


Sixty soil cylinders, of the type that has been in use at this station for a 
number of years, arranged in two sets of 30 each, were filled with topsoil to the 
depth of about 10 inches and treated with nitrogenous fertilizers according to 
the plan given below. 

As will be noted the cylinders are arranged in pairs, there being three pairs 
for each nitrogen treatment. This arrangement provides for three different 
amounts of phosphoric acid, in the ratio of 1:2:3, according to the diagram. 
The potash treatment is uniform for the entire set of 30 cylinders. The 
second set of 30 cylinders differs from the first in that the amount of potash is 
double that used in the first set. 


Plan of experiment 


Source or NITROGEN Single Portion | Double Portion} Triple Portion 
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The actual amounts of fertilizers used per cylinder were as follows: 


Nitrogen—10 gm. of c.p. nitrate of soda and equivalent amounts of the 
other materials. 

Phosphoric acid—10, 20 and 30 gm. of 16 per cent. acid phosphate., 

Potash—2.1 and 4.2 gm. of c.p. potassium chloride. 

Lime—used in the form of ground limestone to bring the reaction to about 
Plt6.6 to: 7.0. 

For the check cylinders, then, the relative amounts of the fertilizing con- 
stituents would be as shown in table 1 and for the nitrogen treated cylinders 
as in table 2. ‘ 

TABLE 1 


Relative amounts of fertilizing constituents for the 
check cylinders 


N | P.O; K2O 

0) 5 4 and 8 

0 10 4 and 8 

0 15 4 and 8 
‘DALE 


Relative amounts of fertilizing constituents for the 
nitrogen-treated cylinders 


N | P2Os | K2O 

5 | 5 4 and 8 
5 | 10 4 and 8 
5 | is) 4 and 8 


The soil used is a silt loam which was distinctly acid in the beginning but 
which was corrected by the use of ground limestone, as already mentioned. The 
cylinders have a surface area of about 3 square feet, have natural drainage, and 
are exposed to natural weather conditions. In 1922 two crops were grown; 
first, a crop of barley for which the fertilizers were applied; and second, 
sorghum, which was grown as a residual crop without further fertilizer treat- 
ment. In 1923 a single crop of corn was grown. This was followed by a crop 
of oats which was left to die and form a mulch during the winter. In 1924 
rape was grown as the main crop and this was followed by sorghum as a 
residual crop. 


First Crop of 1925—Rape 


After harvesting the sorghum in the fall of 1924 the cylinders were seeded 
to rye as a cover crop. This made fair growth so that by the middle of April, 
1925, it was 10 to 14 inches high. This was spaded under as a green manure 
crop and fertilizers were applied in accordance with the plan. Dwarf Essex 
rape was seeded on April 24 and a good stand obtained. A fair crop was 
obtained though the yield was not equal to the 1924 crop. It was harvested 
July 1 and samples were dried, weighed, and prepared for analysis. 

The dry weights and other data are shown in table 3. In studying the data 
included in the table, three points should be kept in mind: 1. the form of nitro- 
gen used; 2. the amount of phosphoric acid; and 3. the amount of potash used. 


Yields of Dry Matter 


The yield of dry matter on all check cylinders was low, but was higher on 
those with the double portion of potash than on those with the’ single portion. 

For the nitrogen treatments, nitrate of soda, with one exception (5-5-8 
statio), gave the highest yields of dry matter, and without exception ammonium 
-sulfate gave the next highest. Dried blood gave the lowest yields for both the 
-single and double portions of potash. This places the yields with the mixture 
‘containing the three sources of nitrogen, next to ammonium sulfate. 

The average yields for the nitrogen treatments with the double portion of 
‘potash differ only slightly from the corresponding averages for the single 
“portion. 
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The nitrogenous fertilizers do not appear to have had much influence on 
the percentage of nitrogen in the dry matter, the averages being close to 1.4 to 
1.5. The average percentage of nitrogen is slightly higher with the sete than 
with the double portion of potash. 

The percentages of nitrogen recovered in the crop follow quite closay the 
yields of dry matter. The recoveries with nitrate of soda, ammonium sulfate, 
and dried blood were in the order named. The recovery with the fertilizer 
containing the three forms of nitrogen was greater than with dried blood alone, 
but less than with nitrate of soda or sulfate of ammonia, The nitrogen recov- 
eries with this crop may be summarized as follows: 


SINGLE DOUBLE TRIPLE 
PORTION PORTION PORTION 
P.O; P2Os P20; 
Average for the 4 nitrogen treatments— 
Sitigle pOrtion 01. DOLas Devs. eee 42.4 38.8 46.2 
Average for the 4 nitrogen treatments— 
double portioh-of) potash... 2s se, 36.7 33.6 30.4 


This summary shows that in only two cases do the average recoveries go 
over 40 per cent. The recoveries were less with the double than with the single 
portion of potash. 


Residual Crop of 1925—Sorghum 


Immediately following the harvesting of the rape, the cylinders were seeded 
to sorghum without additional fertilizer treatment, for the purpose of utilizing 
any residual nitrogen. The sorghum grew well and gave larger yields than the 
rape. The results for this crop are shown in table 4. In every case the yield 
with nitrate of soda was greater than with sulfate of ammonia. Three times 
out of six the dried blood gave larger residual yields than the nitrate of soda. 

The average yields from the nitrogen treated cylinders with the single 
portion of potash were greater than the corresponding yields with the double 
portion of potash. 

The percentage of nitrogen recovered was higher than usual for a residual 
crop. The highest average—18.46—was obtained with the 5-5-4 ratio. In all 
other cases the average recovery was less than 10 per cent. In most cases the 
dried blood gave higher residual recoveries than the other nitrogenous materials. 


The Combined Crops—1925 


The yields of dry matter and the percentage of nitrogen recovered for the 
two crops are combined in table 5. 

The residual effect of the dried blood is clearly shown here. In the 
majority of cases, however, the yield of dry matter and the percentage of nitro- 
gen recovered are higher with nitrate of soda than with either sulfate of 
ammonia or dried blood. 

The average yields of dry matter show a distinct increase as phosphoric 
acid increased, but there does not appear to be any direct relationship between 
the percentage of nitrogen recovered and the amount of phosphoric acid used. 
In this connection, however, it may be pointed out that with the double portion 
of potash the lowest average nitrogen recovery is found where the double DOFS 
tion of phosphoric acid was used. 

In all cases the average yields of dry matter and average percentage eet 
gen recovered are lower with the double than with the single portion of potash. 


Percentage Nitrogen Recovered—Combined Crops 
1922-1925 Inclusive 
Table 6 reports the percentage nitrogen recovered under the various treat- 


ments for the four years 1922 to 1925. A study of the figures shows that the 
highest recoveries were obtained with nitrate of soda, in the case of both the 
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TABLE 5 


Yield of Dry Matter and Percentage of Nitrogen Recovered— 
Combined Crops, 1925 


| Nitro- Nitro- Nitro- 
NITROGEN Dry-. |) gen Dry gen Dry gen 
TREATMENT Matter | Recov- | Matter | Recov- | Matter | Recov- 


ered | ered | ered 
| gm. |percent.| gm. per cent.| gm. |per cent. 


| 

Ratio 5-5-4 | Ratio 5-10-4 | Ratio 5-15-4 

OS Check isis Been eee ote ie peer 106.4.) See LOD como 

Bi Nitratefottsodaees sen 186.5 | 70.37 | 229.8'| 80;15.8)) 200s ways 

C. Ammonium sulfate ........ 139.5 56.95 154.5 46.27 199.2 58.41 

De. Dried bloodied eae 161.0 61.08 153.2 29.32 203.1 47.42 

E. 4% N» ieom egcn 160.5 | 5489 ; 161.8 | 4402 | 168.1 | 44.44 

Average of 4 treated cyls...|. 161.9 | 60.83 | 1748 | 49.95 | 194.9 | 54.54 
| | 

| Ratio 5-5-8 | Ratio 5-10-8 Ratio 5-15-8 

Bis Gieck: 7 Se Se DG Ant arises 101.8: ) eee 120. Dee A, 

G: Nitrateron sodas... os 156.8 45.12 199.4 64.97 179.7 50.03 

H. Ammonium sulfate ...... 148.4 | 47.12 178.5 | 50.94 | 160.8 | 34.06 

Le Dred Slag isis 31.63 157.6 31.69 181.9 28.72 

})454 Nirom each eee: | 164.1 40.49 141.4 33.00 165.3 azt2 

Average of 4 treated cyls...|_ 156.7 | 41.09 | 169.3 | 45.31 | 171.9 | 36.23 


single and double portion of potash. The second highest recoveries were with 
the fertilizer containing the three sources of nitrogen. With one exception 
only there is very little difference between the recoveries with ammonium 
sulfate and dried blood, the general average for these two materials with the 
single portion of potash being around 40 to 45 per cent. and with the double 
portion of potash, around 35 to 40 per cent. With the single portion of potash 
the nitrate of soda gave a general average close to 60 per cent., and with the 
double portion a general average of about 56 per cent. 

In nearly all cases the recoveries are less with the single than with the 
double portion of potash. In the case of the nitrate of soda there is a tendency 
for the percentage of nitrogen recovered to increase with the increase in the 
amount of phosphoric acid used. This is especially noticeable in the case of 
the double potash application. With the other materials there is not a direct 
relationship between the percentage of nitrogen recovered and the amount of 
phosphoric acid used. 

From the standpoint of the percentage of nitrogen recovered, and consider- 
ing all the nitrogenous materials used, it would appear that a fertilizer having 
the ratio 5-5-4 gave the best results in this experiment. On the other hand, 
Ue yields were obtained in 1925 with a fertilizer having a ratio of 
-15-4, 


Summary 


This report marks the fourth year of the work on the availability of nitro- 
gen with varying ratios of phosphoric acid and potash. 

The plan provides for a constant amount of nitrogen from three different 
sources and also a combination of these three, in connection with the use of 
single, double, and triple portions of phosphoric acid and single and double 
portions of potash. With the exception of 1923, when corn only was grown, 
two crops have been grown each year. The fertilizer is applied for the first 
crop and the second crop is grown to utilize any nitrogen not taken by the first 
crop. 
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TABLE 6 
Nitrogen Recoveries for the combined crops for the Years 1922-1925 
Inclusive (7 crops) 


| 4th year 40.5 
| Average 37.0 


Single Double Triple 

a . . ti 

Nitrogen Treatment oa at PO 
per cent. | percent. | percent. 
Single Portion K:O 

Ist year 61.2 73.4 | 82.3 

2nd year 40.6 ee | ee 

Nitratesotesoda 2 fis ccn 50 3rd year 56.8 573 
Sorat Rees 4th year 70.4 80.2 | 67.9 
Average As) 62.3 60.9 

Ist year 42.3 45.3 51.1 

2nd year 30.3 24.2 | 31.4 

Ammonium sulfate................. 3rd year 51.9 40.5 44.4 
) 4th year 57.0 46.3 58.4 

Average 45.4 | 39.1 | 46.3 

(Ist year 37.5 67.2 55.6 

| 2nd year 21.4 19.0 25.6 

tamecenincdac es le Pola evean 557 47.8 43.9 
) 4th year Cll | 29.3 47.4 

Average 43.9 | 40.8 43.1 

Ist year B22 62.8 | 52.9 

2nd year 33.0 37.6 BP 

YN 2) i Na ee 3rd year 59.7 45.6 39.5 
ana eS ) 4th year 54.9 44.0 | 44.4 
Average 50.0 | 47.5 | 43.5 

Double Portion K2O 

{1st year 69.0 76.7 | 76.1 

2nd year 44.2 a | eed 

Narateeqtcodas ee } 3rd year 54.2 47.4 55.4 
iaaigade See | 4th year 45.1 65.0 | 50.0 
Average oo! 58.5 | 57.1 

fee year 37.4 48.1 | 46.0 
2nd year 28.7 31.8 | ay, 

A : iratere meee” 3rd year 45.3 43.6 39.0 
Siam ae ot | 4th year 47.1 50.9 | 34.1 

| Average 39.6 43.6 | BA 

(lst year 59.3 42.9 48.1 

2nd year 17.6 21.3 | 18.0 

Deen chin ad ans hth ee. . 3rd year 44.6 42.9 44.7 
ean 4th year 31.6 Evky | 28.7 
Average 38.3 34.7 34.9 
Ist year 40.4 50.5 55.6 

2nd year Ze. 5 Nobel | 292 

Wa ALON SCA CU: co ccsennvnacehs oe 3rd year 44.2 41.4 37.9 
45.3 36.2 


42.5 | 39.7 
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In 1925 rape was grown as the first grop and sorghum as the second. 

For the first crop the yields of dry matter and the percentages of nitrogen 
recovered with nitrate of sola, ammonium sulfate, and dried blood were, with - 
slight exception, in the order named. 

With the double portion cf potash the larger amounts of phosphoric acid 
caused a slight decrease in percentage of nitrogen recovered. 

With the single portion oi potash the highest nitrogen recovery was with 
the triple portion of phosphoric acid and the next highest with the single 
portion. 

Generally the mixture containing the nitrogen from three sources gave 
higher recoveries than those obtained with dried blood alone, but lower than 
those with nitrate of soda and sulfate of ammonia. 

In most cases the first crop recovered less than 50 per cent. of the applied 
nitrogen. 

For the second crop there does not appear to be any direct relation between 
the nitrogen recoveries and the amounts of phosphoric acid and potash used. 

The dried blood gave relatively higher recoveries with this crop than with 
the first crop. 

For the combined crops the double portion of potash gave lower average 
yields and lower average recoveries than the single. Here also there does not 
appear to be any direct relation between the nitrogen recovered and the amount 
of phosphoric acid used. 

For the combined crops the average recoveries vary from about 36 per 
cent. to 61 per cent. 

The summary of the four years’ work shows that the highest average re- 
coveries were obtained with nitrate of soda. 

In nearly all cases the recoveries were less where the double portion of 
potash was used than with the single portion. From the four-year averages 
of all the crops and all the nitrogen treatments it would appear that the double 
and triple portions of phosphoric acid did not give sufficient increase in nitrogen 
recovery to justify their use. 
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Continuous Wheat and Rye With and Without a Legume 
Green Manure Crop—Season 1925 


This crop completes 17 years of continuous growing of wheat and rye on 
these plots. Two 1/20-acre plots are devoted to wheat and two to rye. One 
wheat plot and one rye plot are left in stubble or bare fallow between harvest 
and seeding time, while the other two plots are seeded to soybeans just after 
harvest, and the beans allowed to grow until about the middle of September, 
when they are plowed under as a green manure crop. 


During the summer of 1924 the 2 plots without green manure crop were left 
in stubble, and much volunteer clover—red and alsike—came in. This ten- 
dency for clover to take possession of these plots during the summer has been 
noted previously. It is due, in part at least, to a generous use, annually, of 
lime and mineral fertilizers. It has not been possible to measure accurately 
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the amount of nitrogen thus gained, but judging from the amount of nitrogen 
which clover has returned on other ‘plots and from the effect on the wheat and 
rye which followed the clover, it seems safe to estimate a gain of 30 to 50 
pounds per acre. 

There was a good stand of well inoculated beans on plots 70 and 71, and 
when plowed under about the middle of September, the vines were at least 2 
feet high with pods beginning to set. By weighing the yield of beans cut from 
12 square feet, it was found that the yield (green weight) was at the rate of 
6.8 tons per acre. On the dry basis this was approximately 1%4 tons per acre. 
When properly cared for, soybean hay contains about 3 per cent. of nitrogen. 
With a yield of 1% tons of dry matter per acre, this would mean 75 pounds of 
nitrogen returned to the soil through the beans that were plowed under. As 
noted above, the beans showed excellent inoculation and it is not unlikely that 
3%4 to 4% of this nitrogen was taken directly from the air. 

A slight change was made in the plan of the experiment in 1925. This 
consisted in top dressing one-half of each plot with nitrate of soda at the 
rate of 160 pounds per acre. This was done because it seemed worthwhile to 
determine whether the legume-treated plots would respond to an additional 
supply of available nitrogen. 


The yields and other data for 1925 are reported in table 7. 


TABLE’ 7 


Rye and Wheat Grown With and Without a Legume Green Manure Crop, 
Season 1925 (Calculated to Acre Basis) 


ya GRAIN STRAW Paral 
Plot SPECIAL Dry | | Dry Nitro- 
Number TREATMENT Matter| Nitrogen |Matter| Nitrogen | gen 
| per | per | 
lbs. | cent. |. Ibs. tose! cent. VW lestan 4 0s: 
68 Ryetalone shee. 1140 | 1.911 | 21.79 | 3821 | 248 | 9.48 | 31.27 
68A* | Rye alone ............ 1411 | 1.830 | 25.82 | 4950 | .323 | 15.99 | 41.81 
70 Rye followed by| 
soybeans .......... | 1085 | 1.814 | 19.68 | 3976 | .239 | 9.50 | 29.18 
70A* | Rye followed by | 
soybeans .......... DP LO me Otte 212 1 46620 2358581 15.76)| 36.97 
69 Wheat alone ...... 1196 | 2.008 | 24.02 | 2849 | .304 | 8.66 | 32.68 
69A* | Wheat alone ........ 1485 | 2.154 | 31.99 | 4315 | .394 | 17.00 | 48.99 
71 Wheat followed | 
by soybeans......| 1113 | 2.050 | 22.82 | 2990 | .408 | 12.20 | 35.02 
71A* | Wheat followed | 
| by soybeans ......| 1259 | 2.219 | 27.94 | 3863 | .416 | 16.07 | 44.01 


*The half plot on which top dressing was used. 


This year the yields were better on the plots without. green manure crop 
than on the plots with the green manure. This is no doubt due in large part 
to the volunteer clover which came in on the former. These plots gave an 
increase of nearly 5 bushels of rye and 5 bushels of wheat per acre as a 
result of the top dressing. In the case of the legume-treated plots the top 
dressing gave only slight increases. 


With only one exception, the percentage of nitrogen in both grain and 
straw was higher where the top dressing was used than where it was not used. 


The yields calculated on the acre basis may be summarized as follows: 


Top Without top 
dressing dressing 


bu. bu. 
Gene eUNCS EMT TE MLOOrUITIR eo las, Saatal he A ee oe eet Ad 252 20.4 
Rye—with legume .................... 2 OR ESN COPA ae Raa nnD 19.8 19.4 
WV lear anit loniimler itive tee cre ee Ano eee 24.8 19.9 
Wea taervnitiie ep ite tics ot ay Rak ior 2A oe eh 21.0 18.6 
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From this it would appear that the top dressing was much more effective on 
those plots where the volunteer clover came than on those plots where soy- 
beans were seeded. It would also appear that lime and mineral fertilizers con- 
stitute a very important factor in the maintenance of soil fertility. Where these 
are used in generous amount, soil-enriching plants easily gain the ascendancy. 


The Continuous Growing of Corn With a Legume and 
Non-Legume Green Manure Crop—Season 1925 


The season of 1925 completed 19 years (18 years of corn) of work on the 
experiment on the continuous growing of corn with a legume and non-legume 
green manure crop. The special treatment is indicated in table 8. In addi- 
tion to the special treatment, fertilizers were applied on the acre basis as 
follows: 


Acid phospate 300 pounds 
Nitrate of soda 80 pounds equivalent to 160 pounds 
Sulfate of ammonia 60 pounds nitrate of soda 


Muriate of potash 50 pounds 


The cover crops—a mixture of clovers and vetch on plots 49-52, and rye 
on plots 53-56—were seeded during the late summer of 1924. Notes near 
the end of April, 1925, show that there was a fair stand of vetch and clovers 
on 49-52 and of rye on 53-56. 

The land was plowed and prepared about the last of April, and the 
manure and fertilizer were applied broadcast and corn was planted May 7. 

A good stand was secured and the corn was given the usual cultivation dur- 
ing the season. It was harvested September 18, dried and weighed, and 
samples were prepared for analysis. The dry weights and other data are shown 
in table 8. Without exception the plots in the legume section gave higher yields 
of grain than those in the non-legume section, the average for the former being 
3,628 pounds or 64.8 bushels per acre and for the latter 2,988 pounds or 54.4 
bushels per acre. Thus there was an increase in favor of the legume section 
of over 11 bushels per acre. 

For both the legume and non-legume sections the manure treatment gave 
some increase over the non-manured plot. In each case the largest yield was 
with the 4,000 pounds of manure. In each case also the increase with 1,000 
pounds of manure was slightly greater than the 2,000 pounds. The legume 
section showed a higher percentage of nitrogen in grain, stalks, and cobs than 
the non-legume section. The average total nitrogen returned in the crop from 
the legume section was 67.7 pounds per acre and the average from the non- 
legume section 46.8 pounds. 

The results show a distinct advantage in using a legume cover crop rather 
than a non-legume cover crop at the last cultivation of corn. They also in- 
dicate that there is some gain in using very small applications of manure in 
connection with the growing of green manure crops. 


The Influence of Fertilizers on the Composition of the Soil' 


Much has been written about the composition of the soil and the methods 
of maintaining soil fertility. Does a chemical analysis aid in determining the 
value of a soil and does it show whether that soil is increasing or decreasing 
in fertility ? 

These are questions which are very often asked. They are questions which 
are not easily answered directly, for the evident reason that the volume of the 
cultivated soil over an acre is very great in comparison with the volume of fer- 
tilizer that is applied to that acre. In other words, the volume of fertilizer that 
is applied in a given year is rarely sufficient to change the composition of the 
soil to such an extent that it can be detected by the ordinary methods of chemi- 
cal analysis. On the other hand, the treatment of a soil with fertilizers for a 
period of years or the withholding of fertilizers and soil amendments may 
bring about changes that can be detected by analysis. 


‘Analyses by Mr. A. L. Prince. 
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Much depends upon the kind of soil, the cropping system, and the amount 
of fertilizer used. It is believed that some work that has recently been done 
at this Station may throw light on this question. 

In 1919 the department of soil fertility investigations of the Bureau of 
Plant Industry at Washington, drew up a plan for a cooperative fertilizer 
experiment with potatoes, to be carried on at this Station. The plan adopted 
was the so-called “triangle arrangement” which provides for plots without fer- 
tilizer and also plots with varying ratios of nitrogen, phosphoric acid, and 
potash. 

The experiment was located on Penn loam soil which was slightly above the 
average in quality, and the rotation adopted was one of 3 years—corn, pota- 
toes, alfalfa. The fertilizer was applied for the potatoes at the rate of 1,500 
pounds per acre and for the corn at the rate of 500 pounds per acre. No fer- 
tilizer was applied for the alfalfa. This means that each year the corn and 
potato sections were fertilized and the alfalfa section was left without fer- 
tilizer. The experiment includes 5 check plots (no fertilizer), 21 plots in the 
triangle, and 2 extra plots. The nitrogen was applied in the form of nitrate of 
soda and sulfate of ammonia, one-half the nitrogen from each. The first crops 
were grown in 1919, 

In 1924 after the potatoes had been harvested, samples of soil were col- 
lected from the various plots for analysis. These samples were taken to the 
depth of 6% inches. After being dried they were passed through a 2-mm. 
sieve, prepared for analysis, and the following determinations made: total 
nitrogen, phosphoric acid, and potash, lime requirement by the Veitch method, 
and pH values. 

The results are given in table 9, which also shows the fertilizer ratios 
used for the different plots. 

An examination of the column giving the percentages of nitrogen in the 
soil shows that the lowest was 0.102 per cent. and the highest, 0.144 per cent. 
nitrogen. Of the entire lot of samples there are 16 that show 0.121 per cent. 
or more. Four of these fall in the class that received no nitrogenous fertilizer 
whatever (check) and 7 others fall in the class of those that received no 
nitrogen, or only 3 per cent. The remaining 5 plots of the 16 received a fer- 
tilizer containing more than 3 per cent. nitrogen. All the other plots showed 
less than 0.121 per cent. nitrogen, whether they were check plots or received 
a fertilizer high in nitrogen. This would seem to indicate quite clearly that 
in a period of 6 years the nitrogen content of this soil was not at all in 
fluenced by the fertilizers that were used. ‘This does not mean that it would not 
be influenced should the work be continued for a longer period. Indeed, pre- 
vious work (1) has shown that soils do become depleted in nitrogen when 
nitrogenous fertilizers are withheld for a long period. On the other hand, it 
has been shown that it is exceedingly difficult to increase the nitrogen content 
of soils to an appreciable extent. 

In the case of the phosphoric acid treatment, the differences are more 
pronounced. The three plots that receive the highest percentage of phosphoric 
acid show the highest amount of phosphoric acid in the soil—an average of 
slightly over 0.3 per cent. Two plots which receive a fertilizer with 9 per cent. 
phosphoric acid show 0.252 and 0.244 per cent. phosphoric acid, whereas the 
check plots and those that receive a fertilizer with low percentage of phosphoric 
acid show less than this amount. It would appear that the phosphoric acid 
content of the soil has been slightly affected by the applications of fertilizer 
containing phosphoric acid. Inasmuch as phosphoric acid is but slightly lost 
in the drainage waters, this result would be expected, especially in the case of 
potatoes where but little phosphoric acid is removed by the crop. 

There is little evidence that the potash treatments have had any influence 
on the potash content of the soil. Some of the plots that receive no potash or 
only small percentages, show as much total potash in the soil as those that re- 
ceive heavy applications of potash salts. As previously explained, this must be 
attributed to the fact that the total amount of potash in the plowed acre is 
very great, even in comparison with the largest amount applied in the form of 
commercial fertilizers. 
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TABLE 9 


Partial Analysis of Soils from Triangle Fertilizer Experiment, Bureau of 
Plant Industry, U. S. D. A., and N. J. Agricultural Experiment 
Station Cooperating. Samples Taken 1924. 


‘Fertilizing Constituents in Soil | Lime Re- 


Plot No.| Fertilizer Ratios Nee P2053" | POCEo quirement |_ pH 
N ce Ke “A per cent.| per cent. | per cent. | lbs. | 

Check 1 0 — ie i OH 22 0.229 | 1.620 700 | 68 

fe 0 — 0 — 0 0.129 ise 1.740 200 | 6.8 

5) 0— 0— O 0.121 | O.215 habe 200 7.0 

+ | 0— 0— 0 0.107 0.176 1.887 200 7.0 

eee) th Gh Ocizeels 0.203) 1.693: | alka en te7"0 

Plot 1 0— 15— 0 0.141 0.294 1.852 1400 6.6 

Z 0 — 12 —. 3 0.135 0.320 2.124 1800 6.4 

3 3— 12— 0 0.129 0.299 Za00 1800: 6.4 

4 0— 9— 6 0.119 0.213 12007 | 1000: 6.8 

5 3— 9— 3 | 0.142 0.252 1.798 1200 6.6 

6 6— 9— 0 0.144 0.244 1.879 | 800: 6.6 

i 0— 6— 9 ely ea 0.229 1.430 200 6.8 

8 3— 6— 6 0.102 0.231 £953 800 6.8 

9 6— 6— 3 Ualzc 0.218 1.565 1200 6.5 

10 9— 6— 0 0.120 0.205 1.662 400, 6.8 

11 0— 3— 12 0.110 ects sie Hal 800 6.8 

iZ 3— 3— 9 0.111 0.220 Sy 1000 6.8 

13 | 6— 3— 6 0.114 0.190 1.507 600 6.8 

14 | 9— 3— 3 0.115 Ua | 1.434 800 ° 6.8 

15 12— 3— 0 Onize 0.208 1.414 1000 6.5 

16 | 0— 0— 15 eles 0.192 1.457 1000 6.6 

17 3— 0—12 02116 0.182 1.488 300 7.0 

18 | 6— 0— 9 0.114 0.198 1.414 400 | 6.6 

19 | 9— 0— 6 0.114 0.205 1.402 1200 ln 06 

20 12— 0— 3 0.114 0.187 1.496 alk. [eaky ze 

PA 15— 0— 0 0.126 0.205 1.488 400 | 6.6 

22 3— 9— 3 0.125 05.237, 1.426 200 7.0 

23 3— 9— 3 07125 0.238 1.472 alk. Ponva) 


There is likewise little evidence of a relationship between the lime require- 
ment of the soil and the fertilizers that were used. It may be pointed out that 
the plots showing the highest lime requirements'and the lowest pH values are 
the ones which received the largest amount of phosphoric acid. This condi- 
tion, however, should probably be attributed to accidental circumstances rather 
than to a direct relationship, inasmuch as there is much evidence which would 
lead one to conclude that acid phosphate does not increase the acidity of soils. 

The work makes it quite clear that one need not expect rapid changes in 
the composition of soils due to the use of commercial fertilizers. It also 
emphasizes the importance of using great care in collecting samples, if chemical 
analyses are to be made, and undoubtedly there are circumstances under which 
such analyses are fully justified. 


References 
(1) Lipman, J. G., and Blair, A. W. 1921. Nitrogen losses under inten- 
sive cropping. Soil Sci. 12:1-16. 


THE TREATMENT OF ALKALI SOILS WITH AIPO, 
J. S. Jorre anp H. C. McLean 


Investigations conducted in the laboratories of this Station and reported 
in a series of papers (1, 2,3,4) have shown that any rational system of alkali 
soil treatment must take into consideration the following principles: 1. coagu- 
lation of colloids; 2. washing out excess of soluble salts; 3. replacement of the 
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so-called undesirable zeolitic cations, such as Na; 4. creating a reaction favor- 
able for plant growth; and 5. compensating the loss of plant food caused by 
the methods of amelioration involving principle 2. 

With this in mind native minerals of aluminum phosphate were tried out. 
It was thought that the free alkali of the alkali soil medium would react with 
the insoluble phosphates to form Al(ONa)3, and thus set free some Al 
ions which would serve as a coagulant; at the same time some of the 
PO, ions present in the soil solution “would be either available, or become pre- 
cipitated in combination with the Ca ions. The sum total of the possible in- 
fluence of AlPO: would be to facilitate the leaching capacity of the soil, be- 
cause of coagulation (principle 2), and to retain the Ca ions which would 
combine with the phosphate anion thus augmenting the phosphorus content 
(principle 5). 

Parallel with the aluminum phosphate treatment another series was treated 
with sulfur. The acid produced from the sulfur would not suffice to increase the 
H-ion concentration to the solubility point of the phosphates, since the latter go 
into solution only at a H-ion concentration equivalent to pH 4.2-4.4; still there 
might be local action around the particles of the AlPOs, in direct contact with 
the sulfur. 

With the foregoing as a theoretical basis, the experiment as outlined in 
table 10 was started. 

The soil used was obtained from the California Experiment Station, River- 
side, California, but originally came from Fresno. In texture it is a sandy 
loam, strongly alkaline with a pronounced soda odor, having a pH varying 


TABLE 10 
Treatment of alkali soils 
TUMBLERS* Potst 
Laboratory|__-__— Additions made  )  Adiditions«nimties 77978 Additions made 
Number Sulfur “Eo SulfGee aj) SPO ears Sulfur | AlPOs£= 

i Sn MAG oa. gm. | gm. 
1 1.00 25 | 5.0 
2 1.00 Zo 5.0 
3 1.00 25 5.0 
4 1.00 a5 5.0 
5 1.00 2.9 5.0 
6 0.5 Ae 5.0 
7 0.5 Zo 5.0 
8 0.5 Di 5.0 
9 0.5 25 5.0 
10 0.5 250 5.0 
11 0.5 1.00 5.0 
12 0.5 1.00 5.0 
13 0.5 1.00. 5.0 
14 0.5 1.00 5.0 
15 0.5 1.00 5.0 

16 0.5 1.00 25 

17 0.5 1.00 2 

18 0.5 1.00 2:5 

19 0.5 1.00 255 

20 0.5 1.00 20 
21 0.0 0.0 
22 0.0 0.0 
23 0.0 0.0 


* 200 gm. of soil per tumbler. 

+1000 gm. of soil per pot. 

paar aluminum PROspaa ts from Pennsylvania, finely ground, 28.29 per 
cent. P2Os; 


~ 
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from 9.6 to 8.8, depending chiefly on the increase or decrease of carbonates and 
bicarbonates. The tumblers and pots were kept at room temperature. The 
pots had holes in the bottom for leaching. Samplings for extractions were 
made from the soil in the tumblers. The pots were leached at various inter- 
vals as indicated in tables 10 and 11. 

The extractions were made as follows: 50 gm. of soil were taken from 
the tumbler and mixed with 50 cc. of distilled water, left over night with 
occasional shaking, centrifuged, and decanted. 

The pots were treated with 300 cc. of distilled water, the leachings made 
up to 200 cc., and aliquotes used for analysis. 

The analytical methods used were the same as reported in the papers 
already published (1, 2). 

Table 11 gives the analyses of the leachings. 

A glance at the data obtained after 30 days’ incubation shows a decrease 
of the carbonates in pot 12 (A1POs. treated). This indicates: that the alkali 
substances did react with the insoluble phosphates. The phosphorus content 
on the other hand increased, showing that some of the phosphate anions re- 
mained in solution but did not combine with the calcium ions as anticipated. 

It has been pointed out (3, p. 142-145) that this particular alkali soil con- 
tains large quantities of replaceable Ca; however, the Al ions have not re- 
placed any of them. 

Apparently there is no such complex with replaceable Al or Fe. When- 
ever Al and Fe appear in leachings or extracts, their origin is to be sought in 
the decomposition of the skeleton framework of the aluminum silicate mole- 
cule or other mineral constituents of the soil. 

This problem is of extreme interest and commands more attention and 
further careful study. 

In scrutinizing the data on the effects of the Al ions, one may turn his 
attention to the teaching capacity of the soils. The pots with the aluminum 
phosphate treatment have developed a higher leaching capacity as expressed by 
the speed of percolation. After 80 days and after subsequent intervals’ the 
AI1POs treated soil leached faster than the controls. As pointed out this is due 
to the coagulation effect of the trivalent Al ion which is set free in the reaction 
between the alkali and the AlPOs.. 

With the utilization of the alkali, H-ion concentration of the surrounding 
medium is increased, as shown by the pH values recorded. The AlPOs, had 
no outstanding effect on any other constituents of the alkali soils save the 
carbonates, bicarbonates, phosphorus, and on the reaction and leaching capacity. 

There is no need of going over the results of the sulfur treatments as they 
appear in table 11, for extensive discussions of the subject have already been 
published (1, 2, 3, 4), 

A short discussion on the effects of the sulfur-aluminum phosphate treat- 
ments may not be out of place. 

It will be noticed that the individual effects of the AlPOs are obliterated 
when the compound is mixed with the sulfur. Preliminary qualitative studies 
showed that immediately after mixing AlPOs,s and sulfur with the soil, the 
alkali did react with the insoluble phosphates. It would appear that when 
the sulfur began to oxidize, the aluminum phosphate and alkali of the soil 
no longer reacted to form sodium aluminate. What probably happened was a 
precipitation of the aluminum as the hydroxide, while the phosphate combined 
with the large amounts of Ca set free by the H ions from the oxidized sulfur 
as shown in the Ca column. The 30-day incubation data corroborate the 
qualitative reactions just described, the bicarbonate content being lower in 
aluminum phosphate + sulfur treatment. With the advance of the sulfur oxi- 
dation the quantities of bicarbonates are alike in the sulfur and aluminum phos- 
phate-sulfur treatments. 

The reactions exhibited by the extracts corroborate the data on the leach- 
ings, as illustrated in table 12, but the data on the extracts present a feature 
not shown by the data on the leachings. 


*Leachings were made after 165 and 225 days but to save space these 
are omitted. 
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As a result of the immediate reduction of the alkalinity due to the AlPO,, 
the speed of sulfur oxidation was greater in the AlPO: + sulfur treated soils 
than in the soils with sulfur alone, as may be judged from the sulfur column. 
Apparently the coagulation of the colloids, due to the Al ions, facilitated aera- 
tion, which is a very important factor in the process of sulfur oxidation. 

Frequent attempts to demonstrate a higher -Al concentration in the AlPOs 
+ sulfur treated soils failed. There were indications of an increased concen- 
tration of Al ions in the soils treated with AlPOs only. 

In summing up, the following may be said: 

Favorable influetices of the AlPOs have been established and they seem 
to be of a permanent nature. It must be recognized, however, that these in- 
fluences are not of enough importance to figure in any scheme of alkali soil 
amelioration. Where such minerals as AlPOs are cheaply and easily accessible, 
they might be used in combination with sulfur; the importance of the latter has 
been extensively discussed in the papers referred to above. The AlPOs may 
become a potential source of phosphorus. 

The authors feel that more work in this direction would be profitable; it 
may yield more light on this important subject of alkali soil amelioration. 
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MAKING ARTIFICIAL MANURE FROM SALT MARSH 
HAY BY THE “ADCO” PROCESS 


He Co Mciran 


During the past few years considerable interest has been aroused with 
reference to processes for making artificial manure from straw, leaves, and 
vegetable wastes. Such a process was developed at the Rothamsted Experi- 
mental Station, Harpenden, England, and manure so made has been used on 
various crops at that Station since 1919. In field tests the crop yields obtained 
with artificial manure were practically the same as those with farmyard manure. 
A syndicate called the Agricultural Development Company (ADCO) has been 
formed to manufacture and sell “ADCO” reagent, which is the essential ma- 
terial required for making artificial manure. This reagent is now being sold 
in the United States. .The cost of the material, according to a quotation given 
the writer in the spring of 1925, was approximately 4 cents a pound in ton 
lots, f.o.b. New York City. 

Mr. J. C. Shoemaker of Riverview Farms, Bridgeton, N. J., having at his 
disposal a large quantity of salt hay which he thought could be turned into 
artificial manure cheaply enough to be used on his truck crops, became inter- 
ested in the process. The Experiment. Station offered to cooperate with him 
and experiments were started at his farm during the summer of 1925. 

a analysis of the reagent used was made by the writer with the following 
FESuICs 


Per cent 
Total nitrogen: 225050 be oo eee ee ee 8.23 
Water-soluble nitrogen 22.00 .in acs eee ee 7.95 
Ammonia nitroweies eee ok ee ee SA Lt her 2.24 
Total P.O; Soe Ss RN oui AO ies Sa ee pnt ote sevice Pee eae eee ees 9.46 
Water-soluble: PsOp: (ea eS ee a Trace 
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The material also contains a considerable amount of lime which is used 
to maintain the compost at the proper reaction for active fermentation. 

Contrary to the general belief, the reagent contains no special bacteria for 
inoculating the compost. It only supplies food and creates favorable conditions 
for the active development of organisms which thrive under an alkaline en- 
vironment. Such organisms are always present on straw or other materials 
used in making up the compost. 


Compost 1 


Three tons of old discolored salt marsh hay was used in making up this 
compost. The pile was made with a base 12 feet by 30 feet. The first layer of 
about 1 foot of hay was sprayed with water until it appeared thoroughly wet 
and ADCO reagent was scattered uniformly over the moistened hay. The 
reagent was applied at the rate of 150 pounds per ton of dry hay. Another layer 
was then spread over the first layer, moistened as before and the reagent ap- 
plied. This operation was repeated until the entire 3 tons of hay was in 
position. This gave a compost heap 6 feet in height. The heap was watered 
every few days to prevent drying. It was estimated that from 700 to 800 
gallons of water was required to moisten each ton of hay throughout the com- 
post period, which would be about 2,400 gallons for the entire lot. For this 
reason composts of this nature must be located near a good water supply. As 
the compost was made on the ground, care had to be used when watering 
to prevent the leaching out of the nitrogen and potash of the reagent. An ideal 
place for making the manure would be in a concrete pit or vat, so that any 
material leaching out could be pumped back onto the heap. 

It was found impossible to wet this compost uniformly, hence only spots 
in the heap absorbed enough water to cause rotting and give the final product 
desired. 

M. J. Scott! obtained results similar to the above. He made composts 
using wheat, oats and barley straw, and grass. With the exception of grass 
he found that all the materials decomposed uniformly. 


Compost 2 


This compost was made with green hay containing 1,200 pounds of air-dry 
material. ADCO reagent was added in the same proportion as in the compost 1. 

The material in this case could be maintained at a uniform moisture con- 
tent. After a few days, fermentation was very active and the temperature 
inside the compost was so high that one could not hold his hand there with 
comfort. After 3 months the compost settled to about one-sixth of its original 
size and looked like an ordinary manure heap. The final product had a dark 
brown color and was found to break easily when twisted in the hands. 

At the time samples were taken for analysis, the entire compost weighed 
2,850 pounds. Analysis showed the air-dry product to have the following 
composition : 


Per cent. 
EWS T STO ee ee a a De se en CE 1.89 
a at el pe Fs RIE a no | SG 0.884 
LOSER = oo Tae Ra REE RR TS Ay Sa ae 0.75 


No comparative field experiments were made with the artificial manure and 
barnyard manure, because Mr. Shoemaker decided that the product would be 
too expansive for his use, considering cost of material and labor. 


Compost 3 


To a pile of the original hay like that used in compost 1 there was added 
a small amount of manure and this was moistened and allowed to stand for the 
same length of time as composts 1 and 2. At the end of the compost period 
the material had a texture entirely different from the other composts. The 


1The making of artificial farmyard manure; trials at Lincoln. New 
Zealand Journal of Agriculture, 30 (1925) :91-93. 
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material in the spots where it had become saturated with water felt slimy, 
because of the development of an entirely different microbial flora. In com- 
posts 1 and 2 the reagent had brought about conditions favorable for the de- 
velopment of the proper organisms, 

It is no doubt true that good manure may be made from certain waste 
products by this process, but the expense of the process may be a limiting 
factor in this country. 


SOIL MICROBIOLOGY 
S. A. WAKSMAN 


The results obtained during the year 1925-26 in Soil Microbiology can 
be summarized as follows: 


A detailed study was made of the origin of humus in the soil, the micro- 
organisms concerned in the transformation of the natural organic substances, 
and the chemical processes involved. Soil humus or the organic matter of the 
soil, which is more or less resistant to decomposition and which persists for a 
considerable period of time in the soil, is due on the one hand to the accumu- 
lation of certain constituents of the natural organic materials, such as the 
lignins which are more resistant to decomposition than the other plant con- 
stituents, and to the synthesis of new substances by the micro-organisms ; some 
of the constituents of these synthesized materials are very resistant to decom- 
position and form a part of the soil humus. When natural organic matter is 
added to the soil the soluble carbohydrates and proteins are first to be decom- 
posed, soon followed by the decomposition of pentosans, celluloses, and various 
hemi-celluloses and proteins. The ae Uh cutins, and fats are decomposed toa 
lesser extent. Within a period of 1 to 3 months, under favorable soil con- 
ditions, 80 per cent. of the organic matter may be decomposed—S0 per. cent. 
of the carbon is given off in the form of various gaseous products, largely 
carbon dioxide, and 30 per cent. remains in the soil in the form of certain in- 
termediary products and synthesized cell substance. The residual materials and 
this cell substance are the chief direct sources of humus in the soil. These 
processes result in a narrowing of the carbon-nitrogen ratio of the organic 
matter from 80 or 40 to 1 to a ratio of 10 to 1 in the soil humus. The proc- 
esses are somewhat different under anaerobic conditions. A detailed study of 
the origin of peat is being undertaken at present. There are very few organ- 
isms capable of decomposing the soil humus; among these organisms the actino- 
myces seem to play an outstanding role. Conditions which favor the develop- 
ment of these actinomyces, namely lime (tending to make the soil reaction 
neutral) and drainage (or proper aeration), will, therefore, favor the decom- 
position of the soil humus. 


Report of the Department of Soils and Crops 
Linwoop L. LEre} 


COMPLETION OF SOIL SURVEY 


In cooperation with the United States Department of Agricul- 
ture, the Department of Soils and Crops brought to completion the 
soil survey of the Camden area by the survey of 310 square miles. 
The survey of the entire state has now been completed. It is note- 
worthy that New Jersey is the only state having a complete survey 
embodying all the most recent correlations of the United States 
Bureau of Soils. 


COMPLETION OF THE BERGEN AREA REPORT 


During the year the manuscript of the report of the soil survey 
of the Bergen area was completed and forwarded to the Bureau of 
Soils of the United States Department of Agriculture for publica- 
tion. 


A COMPILATION OF THE SOIL SURVEY DATA 


Composite information concerning the collective soil information 
of the state has been brought together through an analysis of the 
various soil survey reports. By this work the soils of the state have 
been grouped: first, in order of the relative extent; second, accord- 
ing to series; and third, according to texture.. These data appear in 
the appendix of this report, a summary of which points out that 
there are 164 different and distinct soil types found within the state, 
including 50 scil series and 10 miscellaneous types. 


SOIL CLASSIFICATION AND UTILIZATION IN 
NEW JERSEY 


An account of soil classification and utilization in New Jersey, 
which is herewith briefly summarized, appears in the appendix of 
this report. 

Summary 


1. The soil survey of the state has been completed. It represents an accu- 
rate soil map of the entire state and a reliable economic classification 
and inventory of our soil resources as concerns relative productivity. 


The method of classification is an economic one. Soils having similar 
characteristics are grouped into identical series. Soil types represent 
mechanical variations within the soil series. 


3. There are five major soil zones in New Jersey. 


t 


\Specialist in Land Utilization. 
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4. The principal soils of each zone are described and their extent and pres- 
ent utilization discussed. 


5. The extent of the agricultural soils of north and south Jersey are listed. 
There are two classes; namely, well drained and imperfectly drained. 


6. Crop adaptation to specific soil types is discussed. Certain crops are 
especially adapted to specific soil types. 


7. Drainage is discussed briefly. There are two phases; namely, local and 
general. 


8. The extent of the imperfectly drained soils of the state is listed. 


9. The extent of the non-agricultural soils in north and south Jersey is 
listed. These soils should remain in forest or permanent pasture. 


10. A land development policy for the state is discussed and recommended 
for adoption. 


11. Soil types as a basis for station experimental and demonstration projects 
are discussed. It is suggested that all station work be placed on a soil 
foundation in order that more accurate results applica to the greatest 
number of our rural population be obtained. 


12. The cooperation and assistance of the soils departments of the station are 
at all times available to all departments and divisions. 


LAND UTILIZATION 


Considerable material has been collected for a comprehensive 
report concerning land utilization of the state. This material points 
out in addition to the material included in the report on soil classi- 
fication and utilization: first, that there are certain lands within the 
state better adapted to forestry than to agriculture; second, certain 
lands which in the near future will be utilized for building sites ; and 
third, certain economic values can be placed on, and producing power 
determined for, specific soil types within the state. This material 
should be completely worked up in detail as quickly as possible and 
a report on land utilization published. 


A FERTILIZER EXPERIMENT IN BURLINGTON 
COUNTY 


A fertilizer experiment was set out on the farm of John Heal 
located at Beverly, Burlington County. In this experiment 59 plots 
of 345 square feet each were utilized in testing the results on sweet 
corn of various fertilizers and treatments. The following factors 
are being studied: 1. Sources of nitrogen in a complete fertilizer. 
2. Method of application. 3. Amount of application. 4. Rates of 
potash. 5. The application of concentrated mixtures. 6. A com- 
parison of side-dressing treatment; nitrate of soda, sulfate of am- 
monia and no side dressings. This experiment is being carried on 
in cooperation with the American Fertilizer Association through a 
fellowship established in the College and also in cooperation with 
the county agent of Burlington County. The complete data of this 
project to date are given in Appendix 5. 
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A FERTILIZER EXPERIMENT IN MONMOUTH 
COUNTY 


A fertilizer experiment in Monmouth County has been set out on 
the farm of Mr. J. J. Warnock, near Hazlett. In this experiment 
61 plots, 648 square feet each, are being utilized in testing various 
fertilizer treatments on sweet corn and tomatoes. The factors being 
tested are: 1. Method of application. 2. Amount of application. 
3. The application of concentrated mixtures. 4. The time factor in 
applying potash. 5. Side dressings of nitrate compared with no 
side dressings. Complete data concerning this experiment are re- 
corded in Appendix 6. This experiment has also been carried on 
in cooperation with the fellowship established in the College by the 
American Fertilizer Association and in cooperation with the county 
agent. 


APPENDIX 1 
Acreage of Soil Types of New Jersey in Order of Relative 
Extent 

Acres 

TL SSG Re SRY PS UR eg al of Re Oe ae ee 480,320 

PE aA aN LEN tee se Pl ak me, eis a es xB AIS eine’ 5 Saeglic eco -e fake te 247,424 

MS ees Cale Me S211 are VALET) yey ches icy tun, alee sie 45 ad Ssh, ve 4 Be as we 207,178 

Pn ORNS ie etd eA a, eee chcig ole, Nes “sild is) deeve a Gedo 0%, 0% joe ie 185,152* 

BMS PRT Eta Vea bel, (Oumar 184,290 

Sy, SIRSTSER SEES | 2 RRR Bese ain coe ta gh ee AP 175.680 

Soa ee ONY LOAN: weg ous ho ca Sccsigls bux Ste, Sew dale ape idievwee 168,918 

POI SITs SaliCl. cr are ok hid ss aa vests wg Wie oes usneed span smrve 157,120 

Wi TPES yhes oS ESRI G Eo 8 4 gn ge perre Gene ay 123,648 

RU PNITORLGTAN aT AVCULY 1) OAT eet by tc. Oo oo ec AR ny ON on Hotes cld hbiwrelen 107,072 
PEE SaSSAT ASN COA Ys OAlG f./c. Sincere. «sie see vo x oe a lie we SiS du aiarees 100,864 
ee ACN Meare ne erat fe, 8, OP a ie Boa sc oy dies Ge elas 97,306* 
Pe Sed oe Mem ANd Ve Oates ec «oth abies ons shackle + esc cela lees tea 90,536 
MS IASNGR ONCE) Big TTN cae hy Whe ee is BG Mey dis e dier ase to dca Ge, dv ase re ng iens 79 239 
(ES SER CUS TRC ARSE FR | So RS cS PA a 78,720 
Merete eee sid lam 1.0 tlhe a a. fe Bic atin fan aches oe avin oo heal oe 62,592 
PS PRTC ME LOT Vite OA asa ie Netto n eee ik vis She a Fade Whe cath Macaer wie 60,864 
NMC xLOUICCSEC TP OLONN LOAlll nag: tree te ae oa etches fo SiGe SeY e oale ds 55,104* 
PCO LITT OCOle INC ANU VaR OUI! oe le eb cadine “wixo'ncbinteie @ Gealbibe Sle ccavesetts 54,464 
Met STC esasiC Vik) COAT cr ere cs whe Os aa ae tk Corn Pek etka ehees 52,672 
DRT TVET BOIS OAT 3 662. Sire bogie cms gs as “sibs or a\Wisis sles ios mat avantyy 45,248 
ME ETI A LIRe SAL Ge LO ATI soere << hice 4 aia Woes ace we « oc, sobictics Shad nc Poa, d 43,556 
ene COMED ATH VAP OAL oc... SpeIMURES Ghee Sakic shsbene Se toot AoA Se + 41,216 
Ce ave CMe LATA TT se. ak eae P pee «bs 4 sclah £ 2 ao hc sseveesol sd aians,9 ob cee 40,896 
ae CHNIGS NIATE SE CHET MRTLCIATID OO rey ctr ek Ne oc cis sa ec Mew als desl wlll Sayhe oud 32,128 
Wan oRewlcdemanda (eliallow Phase) hs 00)" caste ys coe «ve oa-sinles te 31,808 
ie TS CNS MIO, MO oenes eAe Tiaie aN Rg SNe, 3s nh ele Sook se apis w tayaiale D4 058 31,744 
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*Additional acreage not as yet computed. 
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_ Acres 
So.nuiveosie (Gravelly Loaniiiuie sas + Vee Gane Fe eae tise ale ee 26,240 
36. sassafras: Fine Sand ssi. eile aes vn dle cee erent lialy oat en 25,920 
37, usassaitas Sand (Mixed “Pidse)-; ....nepeaeee sue ee 25,896 
BQ in Uirericat. LOAM .'s 4.5 «vvecdo cae adieu ein eee eae ert ne 25,856 
SO MDOVED LsOatl sas. vaesarenr ene aimee wie ae ease ar Ramemne Ne 25,664 
A0 mega stal ‘Beach.v.5. 0 sabem coe gecents 1 eterna Wd a a 4 date ee 24,448 
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73. Genesee Loamisy $00. sais As Gea oe oe ee Tero? 
74,” Dutchess : Loatnys sy. tisiePus 0 Oo oe ei eree ee ee ae 9,728 
75. Woodstown: Loam, (se\ec. sea ee ee 9,280* 
76... ‘Scranton “Sandy “Loamsi wi os naa oy pe ee ee 8,832 
77. “Sassairas Loamy Coarse«Sandsy.55 yore eee ieee 8,640 
78. -Colts Neck Sandy: Loam... 34..4,.0h ae ee. eee 8,000 
79.” Gloucester: ooamss/.es Ae We Wace taal gape Gee 8,128 
80. Lehigh Shale: Loam joel iene ia ee ee 7,872 
81. Norfolk Sand (Poorly. Drained’ Phase))..060050. eee 7,744 
82. Dover: Gravelly’ Loam... oo...) 2a. coats / a2 
83. sMerrimac® Gravelly; 'oami os 322 ea we 7,424* 
84. Washington Loam” (Gravelly Phase) 7Vije. 550. oe ee sien AP 
85.) Clyde / Loans, 5 24. See otal tape ae a alee en et 6,848 
86,, . Colts Necks Laamiy: Sand.sa5..\ie se ee Cee, ee 6,528 
87,. Chenango \Loamy tSand.e fc. seen eee i ' 6,464 
88. Reclaimed “Tidal Marshiisosy eine wee ee ee ee 6,400 
89°. Berks ‘Shate’: Moam 41." A eC HEA MES ee ee ee 6,336 
90. Sassafras’ Loamy Sands lat) Phase) #5, S45 6,272 
OFe) Merrimac Satidy; dans em. ia ees ee +e OO. 
925° Hoosic *: Loam o36 see a Re eo ics ee ne 6,080 © 
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Acres 
DOME OT V MPLS ORINDA PS acs gies « sin 6» 00.0 soe) ME eae se. 6,016 
eNO ATELY PLORTI Tare. citys Se ee as vee 2 eRe aoe ke 5,888 
[PLS CaCO dat Ot ae, Gn ae ae ieee ee ieee 5,760 
PReatISUE ON Mie say? LOAM ein bs. ess oo o'stahstg A eee Oe ek 5,696 
coreg te.boanr (Poorly «Drained + Phase): ;::7 eee nae 5,632 
POOR sand fet oe) 27s Bae a ee he sofas wea: SP PS Cel Rae er 5,504 
ere stineee eG Te ts 85 eee vow Mahone bs Ss a noe 4 ee ee 5,376* 
Re mOLOMNY OO a Tits rare ee oS cee ieid ic ac ClO a a 5,376 
CCUG SATICY FucOalll. Cae warn es ss a00 dc ila ca eee ee 5,376 
Beearepurceandy: LOA iat © ass 64 bos e'e'sleole sa Geen ee 5,184 
Pressrow UL OAM se een aie ole ales ee Dales see cm ale 5,020 
er PCCP YL Oat 7 oie s eet ati eet es ik cs i's. 2. eee eee 4,800 
Patino eC PANG Ve OANOY ¥OAIN fe io e's ese os i's’. A ae es 4,544 
PrermiUiaCe sr aAVellycOandy a lOaliins vie dees «kia d ce Rees 4,480* 
SILANE YP EsOAMIME arenas Wek ee Sek es a oes Oss Ue ee 4,416 
Breer naAGe Ne tS Any tLOAI rs Pelee ne ahead ele ed a we Ses A 4,352 
Preteen ela yer its Cllrs ee sos oled M he ey vielen evan dtreoeee 4,200 
Dassaeaamoindyoam) Clilats PMase)-. cee vs bere sos 00e gles heer 3,968 
IMGCMOE CM LAAT As Baty Ahn rie src. oa ees cal eis el cals ss wey 3,968 
VV apache eon, (iL eavyeauUDsOle hase) ry eek o.oo 3,648 
Bini utiterinetiate  HASC) a yen de th vend heels oi ogc Me knee aos 3,648 
AEG CEN Wer on Vokes P gaecere Sn I arin eg) SSRN SAS Nea 3,584* 
ere Mt hee SC til he ee tte aaa es +. cisions Piles ohetehels oes a Pid ent 3,584 
Sassafras Sandy Loam (Imperfectly Drained Phase).......... 3,584 
Me eee e Tice ITC MI, Stee ge Sails coxa fie ks oe weet s soe ke ue 3,456 
ee Eee TT ee fOr ee ieee ey hc io, Geet td Gok fob wishes wc ise dv ls 3,328 
SCE ne Sie Ney G 9 10 GION 9 Pose aan Ae oy ae tn veg CaP NOT G5 Att peel oa 3,264 
PGT eOatn LAS Ht ei ASOi) on AME ie ois ticles cess els Ces oe tons abe 3,200 
eae tame easier MANO W AE NaS)... ates wince tie ion ai 6 a e.s.0 + 0! sad 2,944 
PPORTSIAIE ET A SANT, SENT, OF fe, Cod Pee Ce aes ab be ve ls Z,810 
TRE TOME STORLY seulClCT1Ne shee ie Wen ee a le eae a ala nia, ok eon vk awit. is Vai © 2,816 
CON PEAW ERR Ao jd rim (oto uhe 1d (0 Leh eas Ba hdr Teepe eg dill A 2,688 
BTN Een EY et eat spel awe Danaea RONG, haat 'ef6 Uo aA Sty cud) s gh 4s! 9, > 2,688 
Weis a sheter eo thaem GI EK Ow Darina pan Gee oa gait: Se ee a ee ae 2,624 
Pie aCUGy Wr INe ay OaO) atti. Gags cin wisi ac Pal lianle 6 Aecb, mela. 2,624 
pee Soha g 29) Ron hastell, 5 eee acl ey i dee: i ee 2,496 
al igerone Genvel lm laoamy yet. ond a (Sk 0c tals ONO wialelecepenieye« 2,304 
PRM EUSI GES Stet Ve | OATTIMC Re, aici nr i.te tart) ale. cacuialn e dabvlnye'e! oS gsoyettos a; « 2,304 
MANOS ou EE RAN TET A feed cay ose 2 RIM AR, cen th an ee Soria Ab pots a Wider 2,176 
act ea Wha Reve WS aoe tre cote al ella ae eit On Be ae °c rr ZA1Z 
TCV Gite Avie JAIN May TR RENN id cca Berklee Cute Flat ® tial eb soya oe (AW 
Passaisassitavellw sandy Doane Cihldt) Phase) c..5 bss. .ce econ ne 1,856 
ICC SParmm all Vint SOMtTI Ry AA ance GPP > «<a oktia aaa 6 Rnipie elec ae 1,856 
PNM a gall ef 60 hal Bee Wei ery Gy eh opmlonale’ 2) eae EME a cis ae on 1.856 
Peer Tame IT SOIT. Ok PU ENGR garetts CAG de dbase winds 8 6.8 boo, ope-dl'y Sle 1,792 
teem a MO Won DASE)’ ptmeeemins:, ota tcee a <a ehesiie whols 5 & Mavelp nme 1,792 
Pees manitt POA IT coy til ad ee NEA a fie Sides cs o'es wo a Sage eS 6S 1,728 
CclmeNectesandw Loam ( broded Phase)’. i...2 0454 sar plagse so 1,728 
Vi en tGuetD TEN eR OUIT ai. oe etter EOE OPE aaa ces a as sie me'e seis RG 1,664 
EVAL CHLIEIMIN bt SU @UR TTC ey ce wee he a he hae Oi nibld d eegw cckidivie otelc's 1,664 
Collington Fine Sandy Loam (Deep Phase)..............¢.005 1,472* 
Dat CHeseemalecl orm: COLE yr MASE ) ree 5 & cigs ste ees tore of wok avis orl 1,472 
WY ofp ee ines atlca Vik POI ga, Cheeks ci sia Siok fib ols siete ovsiew a oP ark d 1,408 
PCG r MIRC AI MIC SALIChy ER ORG elisa «es cis baja. sisphce alex) vin’ b «ini apenas 1,344 
ORO Atty LAV OAM oni erty Be atch yk k ON ee «ate ates 1,344 
BOL ee ANCHO ELSDAIN Yee a crgied sk Aw’ Sie’ p « d'ky dyale be Pale gee boone 1,280 
aveatmers Mield: Gravelly Fine~ Sandy, Loam..i.0i.00.4 ob dees 1,280 
Pe tier LY oF CsA Ves OATES sine vc ec Se cae sero ay ee oe 1,280 


ee eV eC at Vel erate vtec cu cos OMee tae he I bao oe 1,152 
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Acres 
Alene < cos ail Oot: 5 renin cS Cena E sor Ct ENE 1152 
1543¢Sassairas Fine Sand (Rolling (Phase) tic. 0.04.5. eee 896 
155% Colts Néck Sandy Loam (Light.“Textured Phase)... ..7 = eee 832 
P5ogaee i kton. Clay Loam.j.c.4 see ee: ss eee ee ee 832 
157 sec henango .Loam.i.25; en ae aei see ae Wyisinkis@ sia 5 Se 832. . 
158--Chenango ‘Sandy: Loam. sseiae yc... a ecceeeaahe ene ae 768 
Oy Collineton~ Clay wi 85 a. ctay wee tee nelei a sro es ave ogee eee 704 
160% Collineton Clay. leoata is osccpe sk basen cece ee 704 
16E> “Collington® Loamy -Sand=.. )ee§ «cs sane Seen aa 704* 
162. “Wallkill ‘Silty Clay Loam. 22 5..\< .25..0c). see eo ee 704 
165% Watchung Silt: Loam. syo gees an Se ce oc ee 704 
1645. Chenango ‘Silt Woam!. 22 .26...8 uscd see as aes Gee ae ee 576 
165..;Elkton Sandy Tooami. so... west. oe oe 576 
166; ‘Dover Fine; Sandy’ Loam. 73 5...-s20su% cabinet: ee ee 512 
167,; Wehadkee: SilfLoamic25 of 0s: sr das ees cele S12 
168:,, Roanoke ‘Siltc.LoOamin , disc eee care v0 s Asset adh seen 448 
169)) Keansburg oSilt TMoam wicca ts aoe) eran oe ee rae siege 384* 
170.) “Chenanwor Sands... 5 cio siccwa cele ence oe Sa aes eee ee 384 
171; Birdsboro. Pine: Sandy: Goont:k.7s occ ac on cee 320 
172. . Colts. Neck Fine ‘Saridy) Loam. 3) fac. cain ee 256 
173..2 River Washoe. olioc dick Gas 61 ee bate Gee 256 
174. Gloucester Loam (Silty Phase). .< ..:i0.. 20.0 memes cm seed 128 
Soil Py pes us ees Coteus PEO eR eee 164 
Soil Series tik. yeas oe oa ee ae eee 51 
Messee. Types... 32 50 oh eek Ce ee eee 10 


APPENDIX 2 
Acreage of Soil Types of New Jersey—Series Classification 
State Soil Areas by Series 


Acres Acres 

*( 1) Sassaitas. sands. 480,320 (25) Lansdale Silt Loam ... 40,896 

(3) Sassafras Gr. Sandy (48) Lansdale Gr. Loam .... 23,040 

Liéath - cee eers 207,178 (13) Lansdale Stony Loam . 2,304 

(3) Sassairas' loam: ane: 181,152 (133) Lansdale Shale Loam 22 
(7) Sassafras Sandy Loam 168,918 

(11) Sassafras Loamy Sand 100,864 Total (4 types) .. 2358 68,352 

(13) Sassafras Fine Sandy 
LGani core ee: 90,536 (29) Montalto Stony Loam . 31,040 


(31) Sassafras Coarse Sand 30,440 (53) Montalto Silt Loam ... 18,944 
(36) Sassafras Fine Sand .. 25,920 (57) Mottalto Gr. Loam amare 
(37) Sassafras Sand (Mixed 


PHase) 4.54 ars ee 25,826 Total \(3 types) "cae 67,200 
(43) Sassafras Sandy Loam 

8 Bel Sis Reaeey Pie ae 23,488 (33) Croton! Silt Loam ties 27,008 
(62) Sassafras Coarse Sandy (98) Croton Silt Loam (Poor- 

LGA As sack hn kee 15,424 .) ¥eDePhi) \ i eee 5,632 
(65) Sassafras Sand (Flat 

Phase) iawn eek 13,376 Total(2: types) Aare 32,640 
(77) Sassafras Loamy Coarse 

Sandac3 uaa eae 8,640 (68) Dunellen Sandy Loam . 11,712 
(90) Sassafras Loamy Sand (69) Dunellen Loam ....... 11,072 

(FE) Pp) 2 ees. ee 6,272 pee et 

Total ((2typés aaa 22,784 


*The number preceding the soil name indicates the order of its extent in 
the state, as shown in Appendix 1. 


EXPERIMENT STATION REPORT 


Acres 
(111) “cae Sandy Loam ee Gry) Seg Fine Sandy 
Did Soy h aa bare apenas : Gate weete wy oi 2s: 
CiZ) Sassafras Sandy Loam 3,584 (87) Chenango Loamy Sand 
(120) Sassafras SiltLoam .. 3,264 (125) Chenango Fine Sand .. 
Ciza)j>passairas Loam*...... 2,944 (157) Chenango Poa o>... 
Cio) aap ttan Gr. Sandy es et erst eden 
| otha neo Sent eerie gare 1,8 lenango 51 m 
(154) Gaestfens Fine Sand .. 896 (170) Chenango Sand ....... 
Total (20 types) .... 1,394,896 Total (7 types) ...... 
} Loam 
(2) Lakewood Sand ....... 247,424 (78) Colts Neck Sandy 
(27) Lakewood Sand (Shal- ge) mene Nees as Sand 
TONE ey etn 31,808 olts Neck Loam ..... 
(30) Lakewood Sandy Loam (140) ie ee Baie Loam 
etre Pe eet en. 30,912 roded Ph) ....... 
(64) Lakewood Fine Sand .. 14,400 (152) bus hae Gravelly 
ATi et ge toe es ees 
Sele mocd Gr mandy (155) Colts Neck Sandy Loam 
MOAI ieee ate oes 4,544 (high? Tex. Pudss) 
. De 
(otal (5iitypes) is... 329,088 (172) Sale Neck Fine Sandy 
| Galery .. 6a as eee 
(70) Norfolk Fine Sand .... 11,520 Teme tyes ee 
(49) Colli Fine Sand 
U9) Caltagon Fine Sandy ggg (102) Keygrt Sandy Loam 
(22) C. Sandy Loam 44.706 (126)) Keyportiiboami “.. fa) a: 
(26) C.Loam ....... 7" 39'}9g (134) Keyport Clay Loam ... 
(41) C. Sandy Loam (D.P.) 24,064 (1495) epee Vine Sandy 
"cb (ORS aT Ys gee ee 23206 |. Loam .......-..... 
IS? Od 5 a ee 2,304 
(144) C. Fine S.Loam (D.P.) 1,472 Total (4 types) ...... 
Ga TC Py a ee es eae 704 Taal phi cece as’ 
(160) C.ClayLoam ........ 704 SS fal a 
CTO oainy Sand... o..a. 704 Rough Stony Land .... 
eet NI Ga CLO Wee eat es sien. 
Total (10 types) ...... 183,074 Syren 
Co) Pendteilt-Loam* 4.922% 123,648 (Oe Micles etn ear! ty 
(14) Penn. ShaleLoam .... 79,232 (414) Muck (Intermediate) . 
(49) “Penns Gra Loam. cis sc: 22,464 (139) Muck (Shallow) ..... 


‘Potalmosotypes), <2ke.! 225,344 Total (3 types) 


(58) Weathersfield Gr. Loam 17,024 
(150) Weathersfield Gr. Fine 


eee ee ee 


Rockw@utcrops socca8 te 


(ar Coastal’ Béachys * sain 
oy satehigd Pep tes Lae Seat Ree 1,280 (110) Main ane Clay Pitts 
Total (2 types) ....... 18,304 (173) Ree kee 


(16) Dutchess ShaleLoam . 62,592 


(34) Dutchess Loam (Shaly St. John’s Sand ....... 


14S aot ol Ss Sands +... tna 


oe Phase) oe Seer cs 26,688 

rade Dtitchess: loamy ot 22 9,728 2 

(124) Dutchess Stony Loam . 2,816 Mamta patois * 

(190) Dutchess Silt Loam ... 1,728 (20) Portsmouth Sandy 

(145) Dutchess Shale Loam Loam «3.22 
(Steep. Phase) °...... 1,472 (96) Portsmouth Loam 


ooereee 


Wotan iG types) © esas. 105,024 Total (2 types) 


11,456 


185,152 
175,680 
157,120 

97,306 


31,744 
3,648 
1,792 


37,184 


28,160 
24,448 


4,200 
256 


78,720 
1,664 


80,384 


52,672 
5,760 
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Acres Acres 
(89): Berks Shale Loam...... -/-6;336 (72) Alloway Silty Clay 
Loam © .)..<a00 eee 10,580 
(20) Washington Loam .... 45,248 } 
(84) Wash. (Gr. Phase) ... 7,232 (76) Scranton Sandy Loam . 8,832 
Wotal(Z types) wusemen 52,480 


(47) Hagerstown Silt Loam 23,168 


Covye- Dover oan arkecnne 25,664 
(21) Dover Loam (Light 

# hase). Picea ee 3,200 
(51) Dover Stony Loam =.= 20Go2 


(82) Dover Gravelly Loam . 7,522 
(166) Dover Fine Sandy Loam 512 
(147) Dover Loam (Sandy 


Phase) er ce oer aes 1,344 
Total 36/7 pee) cate ee 59,914 
(10) Chester Gravelly Loam 107,072 (83) Merrimac Gravelly 
(17) Chester Stony Loam .. 60,864 Loar; £:3). cee 7,424 
(63) ChestersLoant 2% 00405 15,104 (91) Merrimac Sandy Loam 6,208 
(107) Merrimac Gr. Sandy 
Total<(3:ty pes )aeeecon 183,040 Loam 2.2 See 4,480 
(109) Merrimac Fine Sandy 
(18) Gloucester Stony Loam 55,104 Loam ........s sense 4,352 
(45) Gloucester Gr.Loam .. 23,296 (115) Merrimac Loam ...... 3,584 
(66) Gloucester Stony Sandy pong, 
bath eet 13,184 Total (5 types) ...... 26,048 
(79) Gloucester Loam ..... 8,128 
(136) Gloucester Sandy Loam 1,856 (108) Fox Gr. Loam ........ 4,416 
(174) Gloucester Loam (Silty (129) Fox Sandy Loam. 2,496 
Phase)®...cetcowes 25,240... (153): Fox Loanisis. 2 ee 1,152 
Total <6 types) eo ee 101,696 Total. (3: types) = ae 8,064 
(35). Hoosie- Gr: Loam 225: 26,240 (88) Reclaimed Tidal Marsh 6,400 
(92) TAOGSIC Loan | caw 6,080 
(95) Hoosic Sandy Loam .. 5,888 (104) Birdsboro SiltLoam .. 5,020 
(171) Birdsboro Fine Sandy 
Dotale( 3 types) tage ste 38,208 Loam. 28tci een 320 
(44) Culvers Stony Loam .. 23,360 Total ((2’ types) slau 5,340 
(119% Culvers Loamus iiss > 3,328 
(162) Wallkill Silty Clay 
Total (2 types)... ..4- 26,688 Loam «3.4. ane 704 
(54) Lakawanna Stony Loam 18,624 (42) Shrewsbury Sandy 
(67,). Vakawanna-loam. a. 12,928 Loames > &,-¢30 fae 23,616 
(93) Shrewsbury Silt Loam 6,016 
Totals (2 Aypes iis aa. 31,552 (94) Shrewsbury Loam .... 6,016 
(128) Shrewsbury Fine Sandy ) 
(80). Lehigh Shale Loam 154% 7872 Loam si. {eee 2,624 
R138))* Lehigh Silt-loam buen tie oe 
Total-(4 types) ace 38,272 


‘otal: (2 types) one. 9,664 


EXPERIMENT STATION REPORT 549 


Acres Acres 
(113) Wallpack Silt Loam Whippany Silty Clay 
(Heavy)  (Subsoil OAT odie oes 22,144 
TINASC ) Fancouen swe ces 3,648 
(116) Wallpack Silt Loam .. 3,584 (55) Keansburg Loam ..... 18,048 
(132) Wallpack ShaleLoam . 2,176 (97) Keansburg Fine Sandy 
(142) Wallpack Stony Loam . 1,664 [Oates teeta ys 5,696 
(146) Wallpack Fine Stony, (103) Keansburg Sandy Loam 5,184 
Se Sandy. Loati acu csi « +i. 1,408 123) Keansburg Sand ...... 2,816 
(169) Keansburg Silt Loam . 384 
OtalscOa eV DCS) as as eu 12,480 
a Total. (5 type ee dee 32,128 
(23) Bermudian Silt Loam . 43,556 
(24) Hyde Loamy Sand .... 41,216 (o6)7 Elkton Siltdlioani er. + 18,024 
(38) Freneau Loam ....... 25,856 (61) Elkton Loam ......... 15,616 
(156 )eliikton Clay Loam 223 832 
(52) Papakating Silt Loam . 19,264 (165) ElktonSandy Loam .. . 576 
(151) Papakating Silty Clay areas 
BeOANTige te th a Cet 1,280 Total (4 types) ...... 35,048 
Potals (2 types vied. +s. 20,544 (59) Norfolk Sandy Loam 
Cee Hee) (finer tently Dr, ieee tase 
(60) Cordorus Loam ....... 15,744. (81) Norfolk Sand (Poorly 
(73) Genesee Loam ........ 10,176 Elie as te) ga. sue mee 7,744 
(Soy Givde Loam... sk ..a- 6,848 Total (2 types) ...... 24,256 
(101) Clyde Stony Loam .... 5,376 
(112) Clyde SiltLoam ...... 3,968 (75) Woodstown Loam .... 9,280 
—_~=— (137) Woodstown Sandy 
Total (3 types) ...... 16,192 J bie Tis hee aig erat ar 1,856 
(100) Podunk Loam ........ 5,376 Total (2 types) ...... 11,136 
(148) Roanoke Silty Clay COCO sanid oes «en sien 5,504 
Wa, ok ae ge aan 1.344 C118) eon line Sand) 2... 3,456 
(168) Roanoke Silty Loam .. 448 
Ota rs wtVPes yo teu fee . 8,960 
orale ae atypes)\ + et: < 1,792 
Bale Le SY EES) (127) Watchung Silty Clay 
ALO ATI 2k hs eee aie 2,624 
(163) Watchung Silty Loam . 704 
a Otale (Za LY Des) = mae ets 3,328 


(167) Wehadkee Silt Loam .. 512 
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APPENDIX 3 
Acreage of Soil Types of New Jersey—Textural Classification 


of New Jersey—Textural Classification 
Summary 


Well Drained Poorly Drained 
South North | Entire North | Entire 
Jersey | Jersey State Jersey | Jersey State 
| Acres | Acres |. Acres | Sands’ | Acres |. Aceves etcres 
Gravelly ..| S152 eenmereeran: | loz Pee Oe 
Coarse” i...» 30,440 ates ce 30,440|° °° 1] wae a 
Medium ..| 542,848 384| 543,232 |<» 94,7841) Ste 94,784 
Bane: = Ss. | 238,800 2,688] 41,024 5120.55 cee | 5,120 
aopals’ :. x 612,776 3,072| 615,848| 99,904 | sear | 99,904 
| | Loamy | 
| | Sands | 
Coarse’ .. Soa Sana te 8,640} > | ev ee da oo) ig 
Medium . 114,368 6,464| 120,832| 41,216) .ce0ee 41,216 
Totals of feo. 6,464| 129,472| | 4216) ae 41,216 
| Sandy 
Loams 
DEOULY v<cchail score eee 13,184 13,184) 0°. ted es en) Se 
Gravelly . 209,034 4,480) 213,514)» "sd... eaeh o] oe 
Gyre) ENTE Aol ©, are ee 1,280 1,280) oo ei Lease on ee 
Coarse Th AeA) Pe cee, Lo a | enema rans (cS RE ated 
Medium 281,080} 28,928} 310,008 112.8320 0. ee 112,832 
BINGs oa 148,008; 17,728} 165,736 8020) cas aaa | 8,320 
Totals 653,546| 65,600} 719,146 | 121 152). eee 121,152 
Loams 
SERV Lcdesieet ee = 217,408| 217,408 essen roa | 5 376| 5,376 
Gravelly .. ae 295,744) | 258,048) ee nee lates «at 
whale. scs2 oll coucaes tee 161,792] 161,792| | ceeww eel ees sete 
Loam ....| 226,850] 181,440} 408,290] | 83,576; 38,144) 121,720 
Total 229,154! 816,384! 1,045,538] 83,576| 43,520] 127,096 
| | | Salt 
| 3.268] 223,008] 226,268)" 
3,264} 223,004] 226,268] 24,424; 101,092] 125,516 
| | | Silty | | 
| | | Clay | | 
| | | Loams 
REA A cna A Ui on ao 10,580] 28,096] 38,676 
| | | Clay 
| | | | Loams 
Z GLO ta creates 2,816 B32} ne 832 
| Clay | 
POR) Saas es | 704| oy | fetes) Sas er 


(1) 
(37) 


(46) 
(65) 


(15) 
(81) 


(99) 
(123) 


(31) 


(152) 


(36) 
(70) 
(154) 


(118) 
(143) 


EXPERIMENT STATION REPORT 


Detailed Extent of Soil Textures 
SAnps (WELL DRarINeED) 


Acres North Jersey 
South Jersey 
CEES fitch pa ee 480°320° (170) Chenangomee se. .-'-- 
Sassafras (Mixed 
Pa Ste ge sc Sin. 25,856 
WG IUGTOT ee ale otis 23,296 
Sassafras (Flat 
EASE e eis Sy hae wiht 13,376 
Pte ML Gan wit d kistaece «% 542,848 otal (1) * eee: 
AL Gtalestatee Ca) <.s 543,232 
Sanns (Poorty DRAINED) 
South Jersey North Jersey 
SP MONS poatiCiakc..'. 78,720 None 
Norfolk (Poorly 
Pore Va lass ees 7,744 
Loe tiee er, ar, ss 5,504 
POORINS UIE Oia sede cncce, aye" 2,816 
AUST AD. (C8 bicth ae eee 94,784 
Total State (4) ... 94,784 
CoarsE SANDS 
South Jersey North Jersey 
Sst Mee ee oe 30,440 None 
NCEA ket Gy ira ee ates 30,440 
Total State (1).... 30,440 
GRAVELLY SAND 
South Jersey North Jersey 
MOltgeeN GCI. outa ates 1152 None 
et tee (cl) ese sre aa W152 
Totaleotates.( bias + kj hoe 
Fine Sanps (WELL DRAINED) 
South Jersey North Jersey 
Acres 
PASSAITAS AS te. oak ON O2 me le le hen any oe a, > 
De TOL Wee, saat tue si. 11520 
Sassafras (Rolling) 
ia AsG) ese, fees 896 
ML FAME RAG 5 chs a Gains 38,336 TotaleG Meee. face 
Total State (4).... 41,024 | 
FINE SANDS (Poorty DRAINED) 
South Jersey North Jersey 
Sees a. oajtae ota: 3,456 
ay ey Wel rel yom aes iarerredee 1,664 
eye eek 21) Wer cas sik 5 mye 5120 None 


Tocaigetdteme nes BelZ0 
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LoamMy Sanps (Wett DRAINED) 


South Jersey 


Acre 

(lijwsassatras ..:..).2¢.aeee 100,864 

(oopmoolts. Necks... us cress 6,528 
(90) Sassafras (Flat 

Phase) sn eo 6,272 

Mom Colington ..0 te e 704 

Total: (4) os. een 114,368 


Totaly States (a) vee. 


North Jersey 


(87).Chenango ..)... 0. aha 


Total 


(1). A ee 


120,832 


Loamy SAnps (Poorty DRAINED) 


South Jersey 
(Za yctivde vapianeeeees 41,216 


otal: (jus eee 41,216 
Total State (1) 


None 


LoaMy Coarse SANDS 


South Jersey 
(7/)-Sassaifaseeee een 8,640 


TKotal “een so faa 8,640 


None 


North Jersey 


41,216 


North Jersey 


8,640 


Sanpy Loams (WeEtt DRAINED) 


South Jersey 


(7) Sassatras ite). .cs hanes 168,918 
(22) Collwiainiinn...5 hee 44,706 
(41) Collington (Deep 
PHase 7. ocs'cac en een 24,064 
(43) Sassafras (Deep 
PHS Vic. coe eat ee aioe 23,488 
(78) “Colts Pinethice cece sees 8.000 
(CLO3))”: Keyport: nsa ecw ae ae 5,376 


(111) Sassafras (Flat Phase) 3,968 
(141) Colts Neck (Eroned 

Phase) 8:33 a) aes 1,728 
(155) Colts Neck (lighttex). 832 


Total’ (CO ure teas one oe 281,080 


South Jersey 


(20) Portsmouth, «-...., sues 52,672 
(42) <Sbrewsburyicce eco. 23,616 
(59) Norfolk (Imp.) (Dr. 

hh, eek eee eae 16,512 
(76 Je SCVantonnes canes ee. 8,832 
C103) ‘Keeansburens: eee 5,184 
(117) Sassatrass( limps) els 

Phase \? tanscu aye: 3,584 
(137) Woodst0witnaueae on 1,856 
(165) cE ikton. S200 ie neo 576 

‘Total: (8) stated 112,832 


otal state 1(oveecs. 


North Jersey 


(68) Dunellen>...3% ona eae 
(91) Merrimac. ..ia. oso 
(95) Hoosie vl ie-cueee ; 


(129) Fox 


oe ee eee eee we ee eee 


(136) Gloucester” i: ..e ee 
(158) Chenango"... - sae 


Total: (66) ss «aun eee 
Total State (15)....310,008 


Sanpy Loams (Poorty DRAINED) 


None 


North Jersey 


112,820 


Lij7iz 
6,208 
5,888 
2,496 
1,856 
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Sal 
tn 
(oe) 


CoarsE SAnpy LoAamMs 


South Jersey 


North Jersey 


Acres Acres 
Pie ASSOLTAS. 6 tion. < ots 0% 15,424 None 
Wot GIjGc4. BOP 15,424 
wotapeotates Ul)... 15,424. 
GRAVELLY SANDY LoAMs 
South Jersey North Jersey 
Ry) asa TEASER. curs DE BOI B °C107)-Merrimace .. acueeee ne 4,480 
€135) (sassaicas (Flat 
PAG eae.) Se 1,856 
Sie ' Oa Fron Slen auntie 209,034 Otel Cnc. eee 4,480 
Dotak rotate (3). ..5 213,514 
Fine Sanpy Loams (WeEtt DRAINED) 
South Jersey North Jersey 
spe assa thas ote ake me oot 90,536 Cy eCnenanvo. ©.5.¢u. a, see 11,136 
CiS) Hh Olingtorm tele. Ba wiod) CL09) Merrimac): >... skew 4,352 
(144) Collington (Deep CAG PV VWrallipack i... «tes one 1,408 
Phasej sto ce ee ek Petre OG PU OVEr re os. wi en eae 512 
Ce I ISCYDOlL ey ns oe ees 1200 Mel it MeDOL Gen ah. ou eae 320 
Cire etooltssiNeCK 7.2 aoe oss 256 
WPAN ELD.) eos scene 148,008 AR. (51) ek eeameeemPR ese 17,728 
Total, State (10)... 165,736 
Fine Sanpy LoamMs (Poorry DRratnep) 
South Jersey North Jersey 
(07 a Reansbure 20.6. 05.6. 5,696 None 
fizG) Sbrewsbury. aoe... 2,624 
LOiad hice 5 Fo. x 4 ee 8,320 
Potalsite (2) e.ca oe. Sro20 
Stony Sanpy Loams 
South Jersey North Jersey 
None (60a Gloticester +2) eee. 13,184 
Potala) ois. 13,184 
tal olateie a cre on 13,184 
GRAVELLY Fine Sanpy Loam 
South Jersey North Jersey 
Acres Acres 
None (150) Weathersfield ..5.4./, 1,280: 
ROTARIG Dias eine ee 1,280) 
LOtaLemtaiee (1 i... ue 128) 
SHALE LoAMs 
South Jersey North Jersey 
None GLA Petite ree eee ae oe we 79,232 
C15)" Dtehengeves, 18 6a, 0 oe 62,592 
(GUD S ieetiehe, capes ten 7,872 
Ge og a a eR 6,336 
Clge aVValipacke,....ce aoe ane 2,176 
(1353 ye Lansdalet: o5..0 a7 Is Aall2 
(145) Dutchess (Steep) Ph. 1,472 
SE Oba le (7 he make aera 161,792 
Total’ state’ (7/7) 22... 161,/92 
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Loams (WELL DRAINED) 


South Jersey North Jersey 

Acres Acres 
(aeSassa Tas: c+) se ae 184,290 (ZI) Washington’ eae 45,248 
(AoOlUneton. 23 sii. deiees 32,128 (34) Dutchess (Shaly Ph.) 26,688 
(OG y Colts i Necks. s455 seek 4,800 (39) Dover. 2.0) 2. 25,664 
(122) Sassafras (Shallow) (63) “Chester... 5. 22a ae 15,104 
(Phase) os cck ween 2,944 (67)* Vakawanna., i.e 12,928 
C126) Key port. as, sie ele 2,688 (69): Dunellen)... .2 eee 11,072 
(74) (Dutchess <<. «tame 9,728 
Total (5) jisuseemerans 226,850 (79) Gloucester: ......Q.Nee - 8,128 

(84) Wash (Grav.) 
(Phase) oc cance 7,232 
(92). Fioosic ©. <5... .s eee 6,080 
(115) Merrimac . 4.305 3,884 
(119) "-Calvers23.3:4).3ecenee 3,328 

(121). Dover (Light) 
CPhase):... sine 3,200 
(147). (Sandy Phase) ca 1,344 
(153) "POR: we wicco wie oe 1,152 
(157) Chenango oy. eee 832 
(174) Gloucester (silty) : 
(Phase ). \... sae 128 
Total. (17).22 3 181,440 

EOtAL states (Ze y aateaye 408,290 


LoaMs (Poorty DRAINED) 


South Jersey North Jersey 
(a8)! ROMO RI silica seule de 28,856 (60) Cordorus cova Perron bes © | 
(50) Keansbare 257.20 aks 18,048 (73) “Genesee .. 3. «.50es eee 10,176 
CG RES Sale UCN eae ee Re rena 15,616 (85) Clyde TV crane 6,848 
C5). WWOOCSEOWH 4nhs ze css 9,280. €100) :Podunk .... 0 eee 5,376 
(94). Shrewsburyc.iewes,.... 6,016 Bape 
(96) Portsmouth |. 4 desea 5,760 Total. (4). 2... 38,144 
Porat. WO weaae eee 83,576 


Total State (10)... 121,720 


GRAVELLY LOoAMS 


South Jersey North Jersey 
(130) Gollinatoah aa ee ae 2,304 (10). Chester’, 3. ae 107,072 
—_—— (35): Moose fh ae 26,240 
ORAS OLD) cies ater 2,304 (45) “Gloucester. 7. ees 23,296 
(48) Lansdale oc ele 23,040 
(49) Penang a) esre ade ean 22,464 
(57) (Montalto: 2 Use 17,216 
(58) Weathersfield ........ 17,024 
(82) Dover ..icis oe ee 702 
(83) Merrimac: sae ee 7,424 
C108) to 2 2 ea eee 4,416 
Totaloti0) ssh nee 255,744 


Total State (11) .... 258,048 
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Stony Loams (WELL DRAINED) 


South Jersey North Jersey 
Acres Acres 
None C17)? Chester memes tore sists! 60,864 
(18)? Gloueestermeare s+ son 55,104 
(29) Montalto ae aes: Cab 31,040 
(44) Culversie paste ce ie as,» 23,360 
(S15), Dover sere eles e - 21,632 
(54)? Laka watitiasaeted. <a. 0 18,624 
(1Z4 Dutchess. ven 2,816 
(13i)% Lansdale view aes tem ao 2,304 
(142).Wiallpack: 22. see 1,664 
Lotals(99 hee Pee 217,408 

Lotair otate (9 )e ass. 217,408 


. Stony Loams (Poorty DRAINED) 


South Jersey North Jersey 
None CIOL a Giver a Crave. scene att 5,376 
ta AGE) erg tae caret hee 5,376 
PoOtalumtatem ins ech. oe 5,376 


Sitt Loams (WELL DRAINED) 


South Jersey North Jersey 

UUM SASSAETaS 15 ded. oes 3.0 6 3,264 (Oy a Rerint ares 6 oa cone fae 123,648 
(207 luanscalesgamis. .%.e.a 40,896 
prmtal Rk) Mere o. 20s. as 3,264 (A/S o hagerstown? 25... o 23,168 
ete) NUR ah ee (cap ey Pande a 18,944 
Gi ea Lirdsborona.atalir cere: « 5,020 

(113) Wallpack (Heavy Sub- 
SOL) Wet cick «aes Mie dee tte 3,648 
CMG AN PACK M, tae erate oe 3,584 
GLSS we lehigty 1a tebe ee etleras 1,792 
C140 le: ori chese einai ss alates 1,728 
Oba ak henango sis. cabin ss 576 
tC LORI hie eee 223,004 


Mota eotate CLL) «2. 220,205 


Sitt LoaAms (Poorty DRAINED) 


South Jersey North Jersey 
Gs]ed Lo SG rao ty rae 18,024 (23a bBermudians.wees 222 43,556 
(93) Shrewsbury ..05...... 6,016 SSP ETOTOTe aalctle tach 27,008 
(169) “Keansburg ie vot. 384 (azo wPapakatine eth so. ee: 19,264 

—_— (98) Croton (Poorly 

Ota eG eee en's tee 24,424 Drained}ie. ees: 5,632 
CHS CW dee, Tei. Me, OFS 3,968 
C163)" Wiatehung. 03. seas 704 
(167) “\Wehadkee:; .54 6... (2:43 She 
16S wi Ganokey | jakri pees 448 
Total«(8)i¢o% euloeren ot 101,092 


Potalhotater cll jr2),9125,516 
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Sirry Cray Loams (Poorty Dratnep) 


South Jersey - North Jersey 
Acres Acres 
(Jey Alloway ....55. 05068 10,580 (50) Whippany. .... «seer 22,144 
jis" (127) 3 Watchung Sse 2,624 
otal (C4 )ives. weet ee 10,580. - (148) “Reanoke |... sages 1,344 
(151) Papakatine < -.c.ahee 1,280 
(162) Waltkill) ~... \. beeen 704 
Total (5) s 23 a eee 28,096 


Total State tb) i. i. beer 
Cray Loams 


South Jersey ; North Jersey 
Clot iSepore en amar PM 6 None 
(156) Ellcton seu iter es 832* 
CL60) “Colleton iieingar new 704 
3,648 


*Poorly Drained. 
Llotal State, (3) 0 pees tS.cag™ 


; CLAY 
South Jersey North Jersey 
(159): (Goltingtanaic: ots seas 704. None 
POtal: GUY eve oes 704 


Total [State Gly yene 704 
APPENDIX 4 


Soil Classification and Utilization in New Jersey 


After several years of intensive field study, the soil survey of the state 
has been completed. In the conduct of field operations the soils of the state 
have been examined in minute detail, classified, and mapped. The resulting 
soil map shows in detail the location and extent of all soil types occurring 
within the state and represents: first, an economic classification of the producing 
power of New Jersey soil types and, second, an accurate inventory of our 
soil resources. 

Method of Classification 

The method of classifying the soils of the state is, therefore, based upon 

the following soil characteristics : 


1. Geological Origin 4. Topographic Positions 
2. Mode of Formation 5. Drainage 
3: | -Golor 6. Profile 


7. Chemical Composition 


The major unit of classification is the Soil Series into which all soils having 
the above identical characteristics are grouped. Soil series are further sub- 
divided into Soil Types, a mechanical classification based upon the relative 
proportions of gravel, sand, silt, or clay which collectively make up the given 
soil mass. There may, therefore, be several soil types in every series. This 
is the official system of the Bureau of Soils of the United States Department 
of Agriculture and in current usage in the classification of all the soils of the 
United States. ; 
The Soil Zones of New Jersey 

Largely because of geological origin and topographic position there are 
five soil zones occurring within the state. These are shown in the accompanying 
map and may be described as follows: 


Zone [.—Extending from the New York State line near Quarryville in a 
southwesterly direction to the Delaware just north of Belvidere. This is a 
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rolling to hilly country, occasionally mountainous. The soils of the region are 
predominantly heavy and are derived from glaciated shales, limestones and 
sandstones. It is called the Kittatinny Mountain and Valley Belt. 


Zone II.—Extending from the New York State line from a point just north- 
east of Quarryville to the Hudson, thence southwestward from Cresskill to 
the Delaware at a point about midway between Phillipsburg and Frenchtown. 
This is also a rolling, hilly, and occasionally mountainous region. The soils 
are predominantly heavy, well drained, and commonly loams derived from 
granite and gneiss on the uplands, whereas limestone soils occupy the valleys. 
This zone is the Highland Gneiss and Limestone Valley Belt. 


The Trap and Red Sandstone and Shale Belt 


Zone III.—Lies to the southeast of Zone II and extends from the Hudson 
at Cresskill and Raritan Bay at Perth Amboy southwesterly to the Delaware 
between Trenton and a point midway between Frenchtown and Phillipsburg. 
This is a gently rolling region with some relatively low stony ridges. The 
soils are predominantly derived from red sandstone and shales with some 
grayish shales and sandstones. The soils of the stony ridges owe their origin 
to the disintegration of dense trap rock. 

Zone IV.—Extending on the northeast from Raritan Bay in an irregular 
southwesterly direction to the Delaware at Trenton and Port Norris on Dela- 
ware Bay. This is a level to gently rolling region having soils predominantly 
loams and sandy loams sometimes containing green sand marl. It is called the 
Heavy Coastal Plain Belt. 

Zone V .—Lies southeast of Zone IV and extends along the coast from Rari- 
tan to Delaware Bay inland to the southeasterly boundary of Zone IV. This 
is a flat, level to very gently rolling region in which the soils are light, sandy 
and in places non-agricultural in character. Zone V is known as the Light 
or Sandy Coastal Plain Belt. 

In each soil zone there are many thousands of acres of various soil types 
under cultivation and certain soil types are dominant. Collectively they repre- 
sent the principal soil types of the state under cultivation. The description, 
extent, and present utilization of the outstanding soil types of each zone are 
as follows: 


The Soils of Zone 1\—The Kittatinny Mountain and Valley Belt 


Tue DutcHeEss SoILs 


The Dutchess soils are the most important soils occurring in this zone. 
They are found in the Kittatinny Valley and represent what is locally known 
as slate and shale soils. They are easily recognized by their brownish color 
and the presence of varying quantities of grayish slate and shale fragments. 
Two types, classified as the Dutchess shale loam and the Dutchess loam, occur 
in this zone. 

The Dutchess shale loam occupies 62,592 acres in the Kitatinny valley region, 
It occurs in gently rolling to steeply rolling positions as relatively low ridges 
traversing the valley. It is extensively developed south of Sussex and near 
Newton and Hainesburg. It is easily recognized by the light brownish color 
of the surface soil which contains considerable grayish or light brownish shale 
and slate material. 

This soil is inclined to be droughty during the growing season. This is 
due to the rapid run-off of surface waters from the rolling surface and the 
high content of shale and slate found in the subsoil; under such conditions 
sufficient moisture to carry crops through seasons of protracted drought is not 
retained. 

The chief crops grown on the Dutchess shale loam are rye, corn, and hay. 
Rye yields from 8 to 15 bushels per acre. With liberal applications of manure 
and careful treatment to conserve moisture, corn gives yields averaging about 
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30 bushels. The hot, dry weather of July and August frequently kills all 
grass, with the result that seedings last but from 1 to 3 years. Wheat or 
potatoes are not successful crops and should not be grown on this type. 

The Dutchess loam is less intensive (36,416 acres), but much more pro- 
ductive than the shale loam. It contains only small amounts of shale and slate 
and is a much deeper soil. Wheat, rye, corn, and grass are also successfully 
grown on this type. Yields of wheat average about twenty bushels. In strong 
contrast to the shale loam, grass, especially timothy, is successfully grown 
on this type, yields averaging 114 tons, and under favorable conditions 1% to 
2 tons are produced. Yields of corn average about 40 bushels. Rye averages 
about 20 bushels per acre but is not extensively grown. 


THE Dover (LIMESTONE) SOILS 


The Dover soils occur exclusively in the valleys and are derived from 
limestone. The surface soil is yellowish brown, sometimes slightly reddish and 
always mellow in structure. They generally occupy gently rolling topographic 
positions but are in a few cases level or steep. Drainage is good. 

The Dover soils are among the most productive of the northern half 
of the state. On the Dover loam, corn, wheat, and oats are the chief crops, 
corn averaging about 50 bushels an acre, although often yields as high as. 
75 bushels are obtained. Oats produce 20 to 40 bushels, wheat 15 to 28 bushels, 
averaging about 20. Hay does well, timothy yielding from 1 to 2 tons per 
acre. Clover and potatoes are successful crops. 

Of the agricultural types of the Dover soils found in Zone 1 the loam 
type occupies 25,664 acres found exclusively in the. Kittatinny and Vernon 
Valleys. Locally near Quaker Church, Monroe, and Hamburg, the Dover 
fine sandy loam is important. Yields of general farm crops are somewhat 
lower on this type than those obtained from the heavier loam and because 
of its open structure it is apt to be droughty during dry seasons. 


Hoostc Soirs 


The Hoosic soils comprise what are locally known as “gravel lands.” The 
subsoils are gravelly and porous, making these soils some of the earliest of 
Zone 1. For this reason they are better suited to the production of special 
crops such as vegetables and potatoes than to general farm crops. The Hoosic 
loam, gravelly loam, and sandy loam are found in Zone 1. All are well drained 
and topographically occur in level areas frequently adjacent to stream bottoms. 

The surface soils of the Hoosic soils are light brown or brown and under- 
lain by lighter colored, yellowish brown subsoils always sandy and gravelly 
below 20 inches. Frequently, as in the case of the Hoosic gravelly sandy loam, 
gravel is abundant on the surface. This type is the most extensive of the 
Hoosic soils occurring in Zone 1, there being ‘26,240 acres within this area. 
This type occurs throughout the region but is more generally found near the 
present streams or at the border of bottom lands. 

The Hoosic gravelly loam is a droughty soil, the subsoil being extremely 
porous. On the steeper and more sandy situations the productivity is very 
low. The more level areas are used for general farm crops such as corn, hay 
and pasture. Yields are fair to good depending upon moisture conditions. 
during the growing season. Potatoes also give fair to good yields depending 
upon the same conditions. 

Hoostc Loam 


This type of which there are 6,080 acres in Zone 1, is the most productive 
of the Hoosic soils. It retains moisture better than the other types; crops 
are, therefore, more able to survive droughty seasons. Grass yields 34 to 1% 
tons per acre. Corn does well and matures earlier than on the Dutchess or 
Dover soils. Potatoes are a successful crop. 


Hoostc Sanpy Loam 


The principal occurrence of this type is on Germany flats in the central 
part of Sussex County. Because of the porous nature of the subsoils of this 
type, it 1s somewhat droughty. General farm crops are successfully grown 
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with the exception of grass, which fails to make a satisfactory stand. Corn 
yields vary from 25 to 70 bushels, oats 20 to 35, and potatoes 75 to 150 bushels 
per acre. Hay yields 34 to 1 ton per acre but satisfactory stands are rare. 


The Soils of Zone II—The Highland Gneiss Belt 


CHESTER GRAVELLY LOAM 


The Chester soils are the most extensive of all agricultural soils found in 
Zone II. They are derived from and occupy the highlands of granite and 
gneissic rock traversing parts of Warren, Hunterdon, and Morris counties 
in a general northeasterly and southwesterly direction of nearly parallel ridges. 
They are readily recognized by the brownish color of the surface soils and the 
varying amounts of angular gravel fragments of gneiss, which they always 
contain. Two agricultural types of the Chester soils occur in Zone II. The 
gravelly loam is the most extensive, 107,072 acres being found in this region. 
The Chester loam occurs to the extent of 15,104 acres. 

Both types are well drained soils. The gravelly loam occurs on somewhat 
steeper situations than the loam and contains considerably more gravel, It 
is a strong soil and is utilized extensively in the production of corn, oats, rye, 
wheat, hay, and buckwheat. Rye yields are better than wheat on this soil. 
Flint and Dent varieties of corn are grown for grain, whereas Dent varieties 
are to be preferred for silage. Corn yields 25 to 70 bushels—averaging 40, 
oats 30 to 60 or in some cases 70 bushels, wheat 15 to 25—averaging about 
18, rye 15 to 30, and hay 1 to 1% tons. 


CHESTER LOAM 


The yields of general farm crops obtained on the Chester loam vary only 
slightly if at all from those grown on the gravelly loam. Because of the 
absence of excessive gravel, however, the loam is handled somewhat easier 
and it also occurs on more level situations, where cultivation is less difficult. 
It differs from the gravelly loam in that it contains only small amounts of 
gravel. 


THE WASHINGTON LOAM 


The Washington loam is found extensively in the Musconetcong and Pahat- 
cong valleys; along the Delaware between Belvidere and Phillipsburg; and 
in the valley of the south branch of the Raritan between Kenvil and Califon. 
It also occurs in the uplands near Hazen, Schooley’s Mountain, Drakestown, 
south of Mine Hill, near Budd Lake, east of Dover, and north of Mendham. 
This type is derived from ancient glacial drift which gives rise to a mellow 
brown loam overlying a reddish yellow friable subsoil. There are 45,248 acres 
occurring within the state. 

The Washington loam has excellent drainage, nearly level topography and 
is a strong soil for general farm crops. Corn yields 35 to 80 bushels per acre, 
averaging about 50 bushels; oats produce 35 to 45 or 50 bushels; wheat produces 
18 to 25 bushels; and hay 1 to 2 tons, averaging about 1% tons per acre. 


THE Hacerstown Sitt LoAM 


The Hagerstown silt loam is extensively found—23,168 acres in Zone II— 
in the southwestern part of the Musconetcong valley and the Middle, Pahat- 
cong, and Lopatcong Valleys as well as near Peapack, Gladstone, Pottersville 
and southwest of Ralston. This is a heavy limestone soil and no doubt the 
strongest and most productive type for general farm crops in the northern 
half of the state. It can be recognized by the brown color and mellow structure 
of the surface soil, the entire absence of gravel fragments on the surface, and 
occasional outcroppings of the bedrock limestone. It has nearly level to gently 
rolling topography resulting in easy cultivation. 

This type yields from 40 to 90 bushels of corn per acre, the average yield 
being about 55 bushels. Oats yield 30 to 60 bushels, wheat yields about 23 
bushels on the average, although the range is from 18 to 35. Hay ranges 
between 1 and 2 tons, the average yield being about 1% tons per acre. 
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THE GLOUCESTER GRAVELLY LOAM 


This type occurs extensively on the Glaciated gneiss uplands north of the 
terminal moraine which crosses the state in an irregular line from Belvidere 
in Warren County, just south of Boonton, and thence passes southeastward 
to Perth Amboy. Large areas of this type are also found in the northern 
parts of Passaic and Bergen counties. The surface soil is light brown or 
yellowish brown loam underlain by a yellow or brownish yellow subsoil, The 
surface soil is usually gritty and contains an abundance of gravel, most of 
which is fragments of gneiss rock. The largest and most important areas 
of this type are found near Morristown, Chatham, Summit, Morris Plains, 
Boonton, between Green’s Pond and Danville in Warren County, north of 
Hackettstown, north of Bridgeville, and in the northern parts of Passaic and 
Bergen counties. It has a total area of over 30,000 acres. 

The cultivation of this type is somewhat hindered by the presence of gravel, 
but good yields are nevertheless obtained. Corn yields 35 to 60 bushels per 
acre. Little wheat is grown on this type. Hay yields only fair, ranging from 
34 to 1% tons per acre. This is a strong fruit soil. 


The Soils of Zone III—The Red Sandstone and Shale Belt 


PENN SiLtt LoAM 


This soil type occurs very extensively in Hunterdon, Somerset, Middlesex, 
and the northern half of Mercer County. There are 123,648 acres of this 
soil within the state and in addition 79,232 acres of the shaley phase, and 
22,464 of the Penn gravelly loam. This land, especially when containing shale 
fragments, is locally known as “red shell” land. It has an unmistakable Indian 
red color both on the surface and in the subsoil. Part of the fields at the 
Agricultural Experiment Station is located on this soil type. 

The Penn silt loam and gravelly loam are strong soils as evidenced by 
the fact that a considerable proportion of them have been constantly culti- 
vated for more than 125 to 150 years without showing signs of depletion. 
Corn averages about 35 bushels, but yields of 50 or 75 bushels are not un- 
common. Wheat produces 15 to 25 bushels, averaging about 18 bushels. Oats 
produce 30 to 40 bushels, rye produces 15 to 20 bushels, and timothy and 
clover hay 1 to 1% tons. ; 

The shaley phase of the Penn silt loam, known as Penn shale loam, con- 
tains fragments of red shale throughout the soil section and in most cases 
bedrock is encountered between 2 and 3 feet. This gives rise to a rather 
thin soil somewhat droughty, especially during dry seasons. This type is 
almost universally found on rather steep slopes and especially on those ap- 
proaching streams. The yields on this phase in very favorable seasons com- 
pare favorably with those obtained on the Penn silt loam, but on the average 
are considerably lower. 

THe LANSDALE, S1_t Loam 

There are about 66,112 acres of this soil found in New Jersey, where its 
occurrence is limited to Zone III. Approximately 23,000 acres of this is 
gravelly and 2,176 acres contain considerable shale. The Lansdale soils occur 
chiefly in Mercer and Hunterdon counties, especially near Quakertown, Cher- 
ryville, and Pennington. These soils occur closely associated with those of 
the Penn series, but are easily differentiated from them by the brownish 
color of the surface soil and yellowish brown subsoil as contrasted with the 
deep Indian red color of the Penn soils. 

The Lansdale silt loam is a strong mellow soil which readily yields to 
cultivation. It produces from 40 to 70 bushels of corn, the average yield 
being about 45 bushels. Wheat yields from 15 to 25 bushels averaging about 
18. Rye gives somewhat lower yields than wheat. Hay produces about 
1%4 tons.. Potatoes are successfully grown with good yields. 

The shaley and gravelly phases of the Lansdale silt loam are somewhat 
shallower soils and inclined to be droughty. For this reason yields obtained 
on these types are considerably lower than those of the typical Lansdale silt 
loam, except during most favorable seasons. 
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Tue Montatto Solis 


The Montalto soils are those found on the first, second, and third Wat- 
chung Mountains, the Palisades along the Hudson, Round Mountain in Hun- 
terdon County, and the Highlands near Rocky Hill and between Lambert- 
ville and Neshanic. There are 37,184 acres within the state, 17,216 acres of 
which are gravelly. The surface soils are light brown or brown with a slight 
but decided reddish cast and are underlain by yellowish red subsoils. The 
Montalto soils usually contain varying amounts of hard, dense, angular gravel, 
sometimes to the extent of 50 per cent of the soil mass. 

The Montalto soils are well drained. They usually occupy sloping posi- 
tions sometimes quite steep and, being frequently gravelly, are somewhat hard 
to cultivate. Yields, however, are good depending somewhat on the gravel 
content and thickness of the soil above bed rock. On the gravelly types, corn 
yields from 35 to 60 bushels, oats yield 30 to 50 bushels, wheat yields 15 to 
30 bushels, and hay 1 to 2 tons. Yields are somewhat higher in places con- 
taining smaller amounts of gravel. The Montalto soils are well adapted to 
fruit. 


The Soils of Zone IV—-The Heavy Coastal Plain Belt 


SASSAFRAS SOILS 


Four types of the Sassafras soils are important in Zone IV: the Sassafras 
Loam (approximately 180,000 acres), the Sassafras Sandy Loam, (approxi- 
mately 100,000 acres), the Sassafras gravelly Sandy Loam (80,000 acres), 
and the Sassafras and the Sassafras Fine Sandy Loam (approximately 
85,000 acres). The surface soils of these types are light brown to:brown in 
color, mellow in structure, and underlain by reddish yellow subsoils fre- 
quently gravelly and lighter in texture below 24 inches. The porous sub- 
soil assures good drainage. These heavy types of Sassafras soils occur 
generally distributed throughout Zone IV. They are the most extensive 
soils of the entire state adapted to general farm crops. 

_ It is upon these soil types, which are especially adapted to the production 
of potatoes, that this crop is successfully grown in Monmouth County. The 
yield ranges from 200 to 300 bushels per acre on the loam. It is slightly 
less on the sandy loam. Corn is the next most important crop grown, yields 
averaging upward to 65 or 70 bushels per acre. Rye is grown chiefly as a 
cover crop following potatoes and is plowed under in the spring. In certain 
sections of central Jersey, rye is an important cover crop. Wheat is not 
extensively grown on these types, but high yields are obtainable. Clover and 
timothy are important crops yielding about 114 tons. Next to corn, of the 
cereal crops oats is the most extensively grown, and yields are heavy. 


COLLINGTON SOILS 


Occurring closely associated with the Sassafras soils in Zone IV are the 
Collington Loam (approximately 30,000 acres), Sandy Loam (approximately 
55,000 acres), and Fine Sandy Loam (approximately 50,000 acres). They 
also occur throughout the same general region except in Cumberland County 
and the southeastern parts of Salem and Gloucester counties. The Collington 
soils differ from the Sassafras only in containing varying amounts of green 
sand marl which imparts to the soil a greenish color and is easily detected 
in the soil as small, black specks that look like black pepper. The intensity 
of the greenish color varies according to the amount of green sand present. 

In rare instances these soils contain green sand in such large quantities 
that they become heavy and sticky in texture and thus difficult to cultivate. 
By far the larger area, however, is very productive and produces yields about 
the same as the Sassafras Loam and Sandy Loam. This is true of potatoes 
as well as of the other general farm crops. 


Zone V—The Light or Sandy Coastal Plain Belt 


The soils of this region, which comprises over one-fourth of the land 
area of the state, are too sandy for the profitable production of general farm 
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crops and potatoes except in local areas and on the southern half of the Cape 
May peninsula. In this region the Sassafras Sandy Loam, which sometimes. 
contains gravel, is the chief soil type. Corn is the most extensive cereal. 
crop grown and yields from 15 to 40 bushels; potatoes produce from 100) 
to, 225 bushels; whereas hay yields from % to 1% tons per acre. Little: 
wheat, rye, or oats are grown in this region. . 

Much of this land is now in forest, but considerable of it is well adapted: 
to the production of all truck crops and early varieties of tree and small 
fruits. The Sassafras sand, consisting of upwards to 425,000 acres, is the 
principal soil of the region. The surface soil is light brown overlying a 
reddish yellow subsoil. This type is of very light texture, but with careful 
cultivation and fertilization is capable of producing excellent crops of truck,. 
peaches, apples, and small fruits. There are also many thousands of acres 
of Sassafras Sandy Loam and Gravelly Sandy Loam, Sassafras Loamy Sand, 
Sassafras Coarse Sand, and Sassafras Fine Sand occurring in Zone 
They are all good trucking and fruit soils. Over 100,000 acres of swamp 
are found within the region. This type of land is at present utilized or avail- 
able for the production of cranberries. The St. Johns Sand (78,720 acres) 
is also well adapted to this crop. The following soils are very extensive in 
this zone, but better suited for forestry than the production of farm crops: 
Lakewood Sand, upwards to 240,000 acres; Lakewood Sandy Loam (deep 
phase), 30,912 acres; Lakewood Fine Sand, 14,400. 


The Soil Types of the State Collectively 


Agricultural Lands 


There are two classes of agricultural lands; first, well drained, and second, 
imperfectly drained. Of the first class the following soil types predominate: 


NortTH JERSEY 
Zones I, II, III 


Cl) Fenn Silt Lipa. cic es 123,648 


(2) Chester Gravelly Loam . 107,072 


(3) Penn Shale Loam ...... 79,232 
(4) Dutchess Shale Loam 62,592 
(5) Washington Loam ..... 45,248 
(6) Lansdale Silt Loam .... 40,896 
(7) Dutchess Loam (Shaly 
PRASCyT Aare 26,688 
(8) Hoosic Gravelly Loam .. 26,240 
(9) Dover Loan. sate 25,664 
Gloucester Gr. Loam .... 23,296 
560,576 
ALP others /C50)o eens 323,366 
Ota a te tect gedaan 883,942 


SoUTH JERSEY 


Zones IV, V 
(1) Sassafras Sand... 2) 480,320 
(2) Sassafras Sandy Loam . 207,178 
(3). Sassafras Loam “a0. .0em 181,346 


(4) Sassafras Sandy Loam . 168,918 


(5) Sassafras Loamy Sand . 100,864 
(6) Sassafras Fine Sandy 

Loan) 9.1.7 ae ee 90,536 

(7) Collington Fine Sandy 
Loan 4 os ss ae eee 52,992 
(8) Collington Sandy Loam . 44,706 
(9). Collington Loam’ s; 72450 32,128 
(10) Sassafras Coarse Sand . 30,440 
1,389,428 
All others =( 32). 2m 237,824 
Total awe de eae 1,627,252 


Total Entire State, 2,511,194 Acres 


Crop Adaptation 


It is well established that certain crops and crop varieties grown in the 


state are better adapted to certain soils types than others. 


In an intensive 


system of cultivation with which our state is becoming more and more inter- 
ested it is of the greatest importance that this fact be emphasized in order to 


obtain the maximum crop yields from a given acreage. 


The following soil 


types of the state are therefore recommended as best adapted to certain specific 


crops. 
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WHEAT AND OatTs 


North Jersey . South Jersey 
Washington Loam Sassafras Loam 
Hagerstown Silt Loam Sassafras Fine Sandy Loam 
Lansdale Silt Loam Sassafras Sandy Loam 
Penn Silt Loam Collington Loam 
Chester Gravelly Loam Collington Fine Sandy Loam 
Dutchess Loam Collington Sandy Loam 


Dover Loam 
TIMOTHY AND CLOVER 
Same as wheat and oats. 
Corn 
Same as wheat and oats, also Shrewsbury Loam, Keansburg Sandy Loam. 


RYE 


Same as wheat and oats, also Dutchess Shale Loam. Gives fair results 
on more sandy soils than other small grains. 


ALFALFA 
North Jersey South Jersey 

Washington Loam Sassafras Loam 
Penn Silt Loam Collington Silt Loam 
Hagerstown Silt Loam Collington Sandy Loam 
Dutchess Loam Gravelly Sandy Loam 
Lansdale Silt Loam 
Dover Loam 

POTATOES 
Sassafras Loam Collington Loam 
Sassafras Fine Sandy Loam Collington Fine Sandy Loam 
Sassafras Sandy Loam Collington Sandy Loam 


SWEET POTATOES ; 
All Sassafras and Collington sands and loamy sands together with sandy. 
loams of these soils for later crop. 
ORCHARD FRUITS 


Apples Peaches 
Early—Sassafras and Same 
Collington Sands and Loamy Sands 
Late—Gloucester Gr. Loam Sassafras and Collington 
Chester Gr. Loam, Sassafras Loams, Fine Sandy 
and Collington Sandy Loams, Loams, Gravelly Sandy 
Gravelly Sandy Loams, Loams Loams, Sandy Loams 


and Fine Sandy Loams 
SMALL FRUITS 


Early—Sassafras and Collington Sands and Loamy Sands 
Late—Sassafras and Collington Sandy Loams, Gravelly Sandy 
Loams, Sandy Loams, Fine Sandy Loams. 


VEGETABLES 
Early—Same as small fruits. 
Late—Same as small fruits. 
Exceptions—Celery and Lettuce—Muck, Portsmouth, Sandy Loam. 
Strawberries—Early—Sassafras and Collington Sands, Loamy Sands. 
Late—Sassafras and Collington Flat Phases, Sandy Loams, Portsmouth 
Sandy Loam, Scranton Sandy Loam, Norfolk Sandy Loam, and Sand (Im- 
perfectly Drained Phases). 
CRANBERRIES 
Swamp St. Johns Sand 
Leon Fine Sand 
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ANIMAL AND Dairy HusBANDRY 
All loam, silt loam, gravelly loams,-and sandy loams. The following soils 
are first stream bottoms and excellent permanent pastures. 


Bermudian Silt Loam Codorous Loam 
Freneau Loam Genesee Loam 
Papakating Silt Loam Podunk 

PouULTRY 
Sassafras Sands Collington Loamy Sands 


Lakewood Sandy Loams 


Expansion of Crop Production 

Expansion in anyone of the various agricultural industries or crops should 
be attempted only upon favorable soil types. A careful intensive study of crop 
adaptation to soil types would also no doubt show that certain readjustments in 
cultural practices are highly desirable whereby the production of certain crops 
is curtailed on unprofitable soils and increased on more desirable soil types: 
It is to be hoped that in this connection the various agricultural interests, 
in considering their various problems, will study carefully the soil resources 
of the state and their relation to the particular problem at hand. More de- 
tailed soil information can be found in the various detailed soil survey reports 
of the state and is available through unprinted data of the Soils Department 
of the Station. : 
Drainage 

The state drainage problem consists of two phases; first, Local, and second, 
General. The first phase involves the drainage of individual fields and farms 
already under cultivation. Unless such lands are needed for permanent pas- 
ture they represent an unproductive liability upon which the owner is paying 
taxes and from which he receives no return. Such soils when properly drained 
are very productive and soon repay the cost involved. There is great need 
throughout the state for educational work and assistance by Extension forces 
or otherwise in local drainage and the reclamation of local farm lands. It is 
estimated that there are approximately 200,000 acres of such lands which can 
and should be profitably reclaimed. 

The general drainage problem is not so simple but nevertheiess should re- 
ceive careful study. Our salt marshes and fresh water swamps are the main 
problem. There is no question as to the fertility of these lands when drained. 
Their producing power is certain and the factor of irrigation by ditching 


is also present. Mosquitoes 


The mosquito problem is also of major importance. If the southern part 
of the state, which has thousands of acres of tillable land available for develop- 
ment when needed, is ever to be settled and profitably cultivated by the desirable 
type of farmer the mosquitoes must be controlled. Drain this territory and 
eliminate the mosquitoes as the first step toward the development of this 
territory. Soils which must be drained for successful cultivation are: 


(1). = ide "Marsh (Sal) so. eee eee 230,000* 
CZ.) 4 yeni al area eee Sess nee ee eee 175,680 
(3): Meadow gare Cig sen cme Seater ety 97,306 
(4)) Stocsonns Sand eck chien anes ee emer: 78,720 
(5) "Portsmouth Sandy ‘Seam. 44... ees 52,672 
(6). Bermudian. Silf (oan 3). 25) eee 43,556 
(7): Fiyde Loamy ‘Sands ieee ee 41,216 
CS). Mieke ae cate ae ate eee cine eee ee 31,744 
(9) “IC POLOT Sat da@attt, | a yitimen cae eee ee 27,008 
(10) °“Frencan oan re vee eee eae 25,804 
803,706 

All tothe te G4 29 solace onan oni ania 287,804 

StatesT otal twee ee Sioa 1,091,510 


*Estimated South Jersey only. 
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Non-Agricultural Soils 


The non-agricultural soils of the state with their relative extents are as 


follows: 
North Jersey 


(North of Trenton and New Bruns- 
wick) Zone I, II, III 


South Jersey 


(South of. Trenton and New Bruns- 
wick) Principally Zone V, Local 


Areas in Zone IV 


Acres Acres 
1). Lakewood saadtuga. 4.x... 247,424 
(iy Roush stony Lard ©. >! 157,420) § 7 
(2) Chester Stony Loam ... 60,864 (2) heacemond mand shallow 31.808 
(3) Gloucester Stony Loam. 55,104 (3) Laeood:, Contain 
(4) Montalto Stony Loam .. 31,040 een panee y side 30.912 
(5) Beier tase 2 oq (4) Lakewood Fine Sand... 14,400 
aan Vie scare eae J (5) Gravelly Sand Loam.... 4,544 
pits Lente gert a miajibs:.) 387,712 Atala 226s tanta ce 329,088 


Total entire state 716,800 acres 


These soils should for the present at least be utilized only as forest lands 
or permanent pasture. 
Land Development Policy 


In these times of automobiles, radio, good roads, free bridges and tunnels, 
real estate expansion, and increased population, more and more of our agri- 
cultural lands are being taken up by towns and cities with a corresponding 
decrease in improved lands available for cultivation. Between 1920 and 1925 
many acres of farm lands were thus lost. In the next quarter century this loss 
will no doubt be much greater. It is impossible to forecast accurately what 
effect this movement will have on our present agricultural situation. All 
lands will certainly increase in value as will the consumption of farm products. 
This raises the problem of more intensive cultivation of farm crops, increased 
yield per acre, and the opportunity of expanding local markets. To these may 
be added the problem of keeping on the farm the man who has sold his place 
for real estate development as well as of attracting desirable farmers from 
sections outside the state. If either of these classes are to be “Sold” New 
Jersey farms, obviously we must have available attractive acreage. Where are 
these lands to be found? Should we clear and drain lands as yet undeveloped, 
or are other desirable lands available? Our agricultural interests must meet 
all these problems in a positive way. Establish a definite land development 
policy and be in a position to place prospective farmers only on lands best 
suited to their special requirements. A study of the soil resources of the 
state will point out where such lands are located. 


Soi Types As a Basis for Station Experimental and Demonstration 
Projects 

Heretofore, practically all the experimental and demonstration projects of 
the station have been planned and carried out without great regard to the 
particular soil conditions involved and results obtained interpreted as applicable 
to all soil types. Our knowledge of the soils of the state as well as that 
acquired from the advance of soil science during the past few years has in- 
creased rapidly and, as described, it has become evident that the soils of the 
state may be and have been classified according to their economic producing 
power. 

Even the casual observer will note, in traveling about the state, the vast 
variety and differences of our soil types. The experience of other states, 
secured from experimental data, has shown very conclusively that in a 
general way certain practices and treatments give certain results on all soil 
types with the same crops; as for example, lime always increases clover yield 
regardless of the soil type involved. But the same experiments have also 
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shown that the rate of increase’ in clover yields varies widely with the soil 
type and further that certain treatments and crops prove profitable on some 
soil types and are of no value on others and that other fertilizer treatments 
give different effects on the same crops on different soils. Fertilizer treat- 
ments on one soil type are therefore not necessarily applicable to other soil 
types. 

Ue ouiok we have no experimental evidence showing that this same prin- 
ciple is applicable to New Jersey soils there is every reason to believe that 
such is the case. It is further believed that the time has arrived when all 
.experimental and demonstration work of the station be placed more upon a 
soil foundation and that soil type be considered as one of the major factors 
in selecting the location for all such work. Such a procedure enables us to 
collect reliable data on the response of various soil types to crops and soil 
treatment and by establishing new projects upon representative soil types 
-having the greatest extent within the state, we can secure results that will 
benefit the greatest numbers farming upon their identical soil types. By having 
_all experiments on typical soils, as our knowledge of the response of these 
soils to crops and fertilization increases, results obtained are applicable to 
these same soils throughout the whole state under the same climatic condition 
_and the conclusions drawn are of the utmost scientific accuracy. On such a 
_basis, results obtained in one county are therefore applicable in an adjoining 
county and in other counties within the same climatic zone, and by such 
-correlation much duplication of field demonstration and experimental work 
.can be avoided. 

It is further suggested that insofar as possible, as much of the present 
field experimental and demonstration work of the station as is at present 
under way, be correlated with the soil types involved so that no time be lost 
in collecting all possible data on the response of our soil types to specific crop 
_and fertilizer treatments. 

To such other state or station departments as may need cooperation or 
assistance in problems involving soil conditions, trustworthy and accurate in- 
formation concerning the soils of the state is now available through the soils 


.department of the station. 
APPENDIX 5 
Burlington County Fertilizer Experiments—Sweet Corn 
John Heal’s Field 
Burlington County, N. J. 


Soil: Sassafras loamy sand. 

Total area: About 28,000 square feet. 

Plots: 59 plots, each 18 feet by 19 feet 2 inches—345 square feet or .00792 
- acres. 
The rows are 3 feet 10 inches wide for corn, there being 5 rows in a plot, 
_and the hills are about 18 inches apart in the row. There is an alley 18 inches 
wide crossing the rows, between the plots, which was unfertilized. The 
crop is chopped out of it. 

Three check plots in the field. 


Previous History 


1924—-Peas followed by tomatoes. 

1925—Peppers 61%4-10-4. 

Where corn was grown previously, 800 pounds of 5-8-5 was used. 
History of Experrment—1926 


In winter of 1925-26, a light application of horse manure was broadcast 
»over the entire field and plowed about March 20 to 25 to a depth of 8 inches. 
One-half ton Ca(OH)» was applied about March 29 and dragged in. 

Field fertilized and planted April 12, 1926. It had previously been marked 
out in rows 3 feet 10 inches apart, the marker making a furrow about 5 
.inches deep. This was the farmer’s customary practice. 
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When fertilizing, about half of the field was fertilized in the row, below 
the seed. The fertilizer was spread evenly (base rate 500 per acre) in the 
marker furrows. Then a double disk attachment ahead of the planter threw 
dirt into furrows, filling them up and covering the fertilizer, and the planter 
which followed put the seed in this filled furrow about 2 to 3 inches deep, 
and covered it. This was the farmer’s ordinary practice, except that he used 
a drill to spread this fertilizer instead of doing it by hand. 

On the rest of the plots, the corn was planted first with the same imple- 
ments and the fertilizer was spread in a band about 3 inches broad in the 
packer mark over the row, or in 2 narrow bands about 3 inches each side 
of this packer mark. In these two cases the fertilizer was not covered or 
‘mixed with the soil. 

The crop was Burlington County white corn, a variety of field corn suited 
to table use. It matures very quickly. 


Farmer’s Future Plans for 1926 


This crop (corn) is supposed to mature July 1 to 15. It will be followed 
‘by snap beans seeded July 20 to August 1. These will mature in about 6 
weeks and the field will then be seeded to rye, which will be plowed under 
the next spring. No fertilizer will be used on the beans or rye. 


Ferttliger 


The fertilizer, except the grower’s mixture, was mixed by hand, the problem 
being to test the effect of different nitrogen carriers, different methods of 
pplication, and different rates of application. All of the plots, except mixture 
13 received fertilizer at the rate of 500 pounds per acre, except those in the 
tests on rates of application, and the analysis was 5-8-5, except with a 
few plots used to test a potash carrier. 


MIxTURES 


(1) 5-8-5-1/3 N from tankage, 2/3 from NaNOs. 

(3) 5-8-5-1/3 N from tankage, 2/3 from Leuna saltpeter. 
(4) 5-8-5-1/3 N from tankage, 2/3 from cyanamid. 

(5) 5-8-5-1/3 N from each: tankage, NaNOs, (NH4)2 SOs. 
(9) 5-8-5-2/3 N from tankage, 1/3 from NaNOs. 

(12) Growers’ mixture 5-8-5. 


(13) 10-16-10-1/5 N from tankage, 4/5 Leuna saltpeter (250 pounds per acre). 

The plots used to test the rate of application were treated with Number 5 
‘mixture. 

PotasH FERTILIZER 

In 1925, there had been some injury to corn in Burlington County, which 
was attributed to fertilizer. This fertilizer contained KgO in the form of a 
double manure salt, so four mixtures were made by hand, using tankage, 
NaNOs-(NH4)2 SOs, in equivalent amounts in each mixture, as the N 
carriers, 16 per cent acid phosphate, and the double manure salt (sulfate of 
potash- -magnesia). These fertilizers were made with the following analyses: 
5-8-3; 5-8-5; 5-8-7; and 5-8-10. In addition some of the commercial mixture 
(5-8- 5) which was thought to have produced the injury was obtained. These 
‘were all applied at the rate of 500 pounds per acre in the row before seeding. 


APPENDIX 6 


Monmouth County Fertilizer Experiments— 
Sweet Corn and Tomatoes 
Warnock’s Field 
Keyport, N. J., Monmouth County 
Crop: Sweet corn and tomatoes. 
Soil: Sassafras loamy sand. 


Plots: 61 plots; each 24 feet by 27 feet—648 square feet or 0.0148 acre 
(36 hills); 2 plots (30 hills). 
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The field is flat, and the soil is uniform. 
A Truog lime requirement test on this soil showed little or no lime require- 
ment. 
Previous History 


Various truck crops for last three years. Fertilizer has been uniformly 
of the formula 4-8-7 applied in the row at the time of seeding at the rate of © 
about 600 pounds per acre. Side dressings of nitrate of soda were used on 
some of the crops. 

Manure—about 6 tons per acre annually. Last application before experi- 
ment in fall of 1925. 

Lime—about 1923—2,200 pounds burned oyster shell per acre. 

Cover crops of rye were grown each year, planted as soon as practicable 
after the truck crop was removed, and plowed under the following spring. 

History of Experiment—1926 

he field was plowed early to a depth of 7 or 8 inches. On April 23, 

34 plots were fertilized, and they, with two checks, were planted to sweet 
corn, 4 seeds to a hill, all the work being done by hand. 

The field had been check rowed’ 4 feet by 4% feet and each plot (except 
two) contained 36 hills. The two exceptions had only 30 hills, as the out- 
side row was missing. These are plots 31 and 42, fertilized to 1,200 pounds 
on side, no side dressing and 600 pounds concentrate in row, no side dressing 
respectively. 

The fertilizer was of two mixtures, 4-8-7, with 1/3 of the NH, from 
each of the following: tankage, NaNOszs, (NH4)2 SO4; 16 per cent acid phos- 
phate and KCl approximately 50 per cent in analysis for the other ingredi- 
ents. The other mixture was a concentrate 8-16-14 using leuna saltpeter 
for 4/5 and tankage (10 per cent) for 1/5 of the NH4; 45 per cent treble 
superphosphate and KCl for its ingredients. 

The fertilizers were applied with two factors in view, 1. Rate of applica- 
tion and 2. Method of application. The 4-8-7 was applied at the rates of 300 
pounds, 600 pounds, 900 pounds, 1,200 pounds, and 1,500 pounds per acre, 
while the concentrate was applied only at the rate of 600 pounds. The 
methods used were as follows: 1. broadcast, 2, in a mass in the hill 
before seeding, 3. in a disc about 12 to 15 inches in diameter on top of the 
hill after seeding, not harrowed in, and 4. in two small trenches in bands 
about 1 inch wide and 6 to 10 inches long on two sides of the hill after seed- 
ing, not harrowed in, or covered. 

The seeds were planted about 1% inches deep, so ) this last method put the 
fertilizer on a level with the seed and about 3 inches from it in a lateral 
direction. 

The variety of corn planted was home-grown Giant Golden Bantam. Planted 
1 to 1% inches deep, 4 kernels to a hill. 

The fertilizer in method 2 was. mixed with the -soil a little before the 
seeds were dropped. 

Tomatoes 


On April 27, 9 plots for tomatoes were fertilized, all of the fertilizer being 
applied in the hill and then mixed slightly with the soil. The fertilizer used 
was 4-8-7 applied at the rates of 300 pounds, 600 pounds, and 900 pounds 
per acre. As in the corn, each plot consists of 36 hills set 4 by 4% feet. 

On May 10, 16 plots of tomatoes were fertilized and all plots were planted 
to an early tomato. The variety was Sunny Brook Earliana, from home- 
grown seed, the strain being obtained from a seed house about 3 seasons 
previously. 

The applications made May 10 were: 1. broadcast at the rates of 600 
pounds, 900 pounds, 1,200 pounds, and 1,500 pounds, and 2. applied at the 
same rates in a ring around the plant. The fertilizer was kept 3 inches from the 
plant and put in a band about 6 inches broad. This fertilizer was all 4-8-7. 
All of the fertilizer on the tomatoes and 1/3 of the NH4 from each of NaNHa, 
- tankage, and (NH4)02SOx4. 
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